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Centrifugal Castings 


By Perer BLAcKWwoop* AND JOHN PeErkins*, WINnpDsoR, ONTARIO, CANADA 


Abstract 


The practice of centrifugal casting is by no means new. At the 
break of the century symmetrical shapes, such as flywheels and loco- 
motive wheels, were being spun on a center pour basis. Cast iron 
pipe has been manufactured centrifugally for a number of years. 
The types of centrifugal castings have been briefly classified into 
three groups: (1) Die molds, (2) semi-centrifugal—center pour, 
(3) True centrifugal—cylindrical shapes, the inside diameter of 
which is governed by the volume of metal poured. In the foundry 
with which the authors are connected, they have been classified 
into the following groups: (1) Dry sand spinning, (2) die mold 
spinning, (3) green sand spinning. The following paper is based on 
these three types. 


Dry SAND SPINNING 


1. At the outbreak of the war, forging hammers were at a premium. The 
steel casting foundries were called upon to fill the breach. We, as an auto- 
mobile company, immediately started to produce army vehicles and, due to 
the lack of forging facilities, a great number of forgings were converted to 
castings. In Fig. 1 is shown a steering end ball socket. At the right is the 
statically cast socket weighing 75 Ib. On the left is the final die spun job 
weighing 36 Ib. 


Molding and Pouring 


2. This job evolved from the static casting to a dry sand spinner. This 
consisted of two kidney-shaped flasks representing the cope and drag, which 
were rammed up with green sand and baked. They were then sprayed, while 
hot, with silica wash. After being assembled they were put into adaptors 
and the molten metal poured into the spinning mold. It soon became 
apparent that this method was not the most economical way of making this 
casting, so the permanent die mold was developed, which will be explained 
later. 


*Foundry Supt. and Asst. Foundry Supt. of Ford Motor Co, of Canada, Ltd. 


, Note: This er was presented at a Centrifugal Casting Symposium Session of the 48th Annual 
Meeting, American Foundrymen’s Association, Buffalo, N. Y., April 28, 1944. 


273 





et Oe 


) 
NE So a 








ine CENTRIFUGAL Castinos 





Figo. 1—Lerr—Steerinc Enp Batt Socker SPuN IN a FERMANENT MOLD, YIELD 74 Per Cent. Ricur— 
Tue Same Part Cast Sraticatty, Yretp 33 Per Cent. 


3. Another critical job was the universal carrier sprocket shown in Fig. 2. 
Originally this sprocket had been cut from plate steel and the teeth flame 
hardened. This was a slow procedure and our production was greatly 
impaired. A pattern was made specifically to spin the job (Fig. 3). We 
started, experimentally, first spinning one, then three, five, and _ finally, 
thirteen, equipment alone limiting the number. Note bleeder at the tip of 
every tooth to make sure that all the gas is taken away. Figure 4 shows the 
bottom plate and the drag core. All other drags in this cluster have the 
runners out. Likewise, the top cope core has no feeder risers. These cores 
are stacked as shown in Fig. 5. Twenty-six biscuit cores comprise the cluster 
Next, the pouring cup and top plate are adjusted and the assembly bolted 
down, as shown in Fig. 6. Figure 7 shows the assembly in the spinning 
adapter, which is driven by a 5 hp. motor attached to the cut down axle of 
a truck rear end and the adapter bolted to a plate fixed to the cut down 
drive shaft. 

5. The motor is started, spinning at a set speed of 167 rpm., and the 
metal poured in at a temperature of 2830 °F., the most natural packing 
condition we have found in all our research. The cluster is allowed to spin 
3 min. after the pouring is finished. Figure 8 illustrates the pouring opera- 
tion. It can be seen readily that the metal is not forced into the mold. The 
weights of mold, metal and castings are as follow: 


Total weight of assembly ready to pour, lb....... 865 
Total weight of metal poured, Ib................. 443 
Total weight of metal and assembly, Ib.......... 1308 
Weight of cleaned cluster, Ib..< 2... ccc ccccccvcs 443 
Weight of 13 sprockets at 22 Ib. each........... 273 
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Time elapsed from start to finish of pour—l min. 5 sec. Figure 9 shows 
the shakg-out operations. Note arbor reinforcing the dry sand cores. 
Core Sand 

6. In this foundry, we have endeavored to standardize our coremaking 
operations as much as possible. Two types of sand are used, the properties 
of which are shown in Table 1. Figure 10 shows the shape of these sand grains. 


Core Sand Mixture 


The core sand mixture used is as follows: 


fe 


Bank Sand, lb. 200 
Sharp Sand, lb. 800 


Cereal Binder*, qt. 17.5 
Linseed-base core oil*, qt. 5.6 

The physical properties of this core sand mixture are shown in Table 2. 
The compression test on a 2-in. diam. sample runs from 2500 to 3000 Ib. All 
of the test samples are prepared according to A.F.A. standard methods of 


testing. 





Fic, 2—Untversa Carrier Sprocket CentriruGatty Cast to Size, Yretp 65 Per Cent. Nore Buaeper 


at Tip or TreetH ror Gas Escape. 
— 


‘Trade names of the products used may be obtained from the authors. 
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re: Fic. 3—Drac PatrerN ror Sprocket CastTING witH RuNNER Gates Removep. ALi Draco Cores Excerr 
i Borrom One ARE MADE FROM THIS PATTERN. 
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Fic. 4—Botrrom Drac Core ror Sprocxer Castinc. Nore Runner Gates THroveH Wuicn Att Metal 
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Table 1 
Core SAND PROPERTIES 


Passing Mesh Bank Sand, Sharp Sand, 
no. Per Cent Per Cent 
90 0.06 0.8 
40 0.8 YB 
70 9.2 82.85 
100 30.0 9.0 
140 35.0 0.3 
200 4.5 0.15 
270 17.5 0.10 
Pan 2.5 0.10 
A.F.A. Fineness no. 166 42 
Chemical Analysis 
Ignition loss 0.72 
Silicon dioxide 91.3 
Iron oxide 0.86 
Aluminum oxide 2.74 
Titanium oxide 0.20 
Zirconium oxide 0.14 
Calcium oxide 0.40 
Magnesium oxide 0.10 
Alkalis 0.85 
Carbon dioxide 0.70 
Rational Analysis 
Quartz 81.5 
Feldspar . 15.0 
Clay 


Fic. 5A Srace IN THE ASSEMBLY OF ALTERNATE Draco aNp Cope Cores ror THE Sprocket CASTINGS. 
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8. The cores are sprayed in the green state with the mixture shown jp 
Table 3. This mixture has a specific gravity of 35 to 40 °Bé. The bentonite 
paste is mixed separately, and both mixtures are kept agitated in the tank. 





| . . . 
; Fic. 6—Nine Sprocket Draco aNnp Cope Core AssEMBLY wiITH Pourtnc Cup aNnp Top Ptate Apjustep 
: : Jacket Has Been OutGrown. Present Practice Discarps Jacket ENTIRELY. 
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Fico. 7—Sprocker ASSEMBLY IN THE SPINNER ApapTer Por. 
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Table 2 


PHYSICAL PROPERTIES OF CorRE SAND MIXTURE 


Moisture content, per cent 2.8 
Green permeability 112 
Green bond strength, psi. 2.6 
Dry permeability 287 
Dry tensile strength, psi. 350 
Table 3 
Core Spray MIXTURE 
Water, gal.7 48 
Silica flour, Ib. 200 
*Bentonite paste, gal. 12 
Glutrin, qt. 4.8 
*Bentonite Paste 
Bentonite, qt. 19.2 
Water (180 °F.), gal. 36 


9. The cores are baked in a vertical oven. They are baked slowly, taking 
) min. to reach the baking zone, 20 min. baking at 560 °F. and 35 min. 
coming down to the unloading station. 

10. Inasmuch as the cores are sprayed green, there is very little cleaning 
required before assembling. 

11. The castings are cut from the cluster by a torch. The inside diameter 
is ground even and a slight grinding operation “touches up” the teeth. 





s Fic. 8—Pourinc Centrirucatry Cast Sprocket. Nore Tuat Metat Is Nor Forcep Intro Mot, 


*British measures have been converted to United States measures throughout the paper. 
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Fic, 9—Sprocketr CastinG SHAKE-OU1 


Hear TREATMENT 
12. The castings are hardened at 1500 °F. ('¥-hr. up to heat and ¥-hr 
soak). The sprocket is then quenched in an 8 per cent caustic solution, using 
a hydraulic press which hardens the teeth and leaves 1'4-in. on the inside 
diameter comparatively soft for machining. 
The casting is then drawn at 850 °F. for 34-hr. A typical Brinell hardness on 
the teeth will run about 385, while 1%4-in. of the inside diameter is 229. 
13. The structure of the wearing part of the sprocket is sorbite, tapering 
off to pearlite in the machined parts. The only machining necessary is the 
drilling of 18 holes and a cut off the inside diameter. Figure 11 shows a 
radiograph of a section of our current production, one of which is checked 
every day by the x-ray., 
14. Some idea of the savings effected by using the centrifugal method of 
casting these sprockets can be gained from the following figures: 
Estimated annual saving of original material, lb. 8,860,000. 
Estimated annual saving of labor, hr. 725,000. 
Annual savings on labor and material, $1,720,000.00. 


Cluster Castings 


15. Another very interesting job, patterned along lines similar to the 
sprocket, is the bearing shown in Fig. 12. This was originally a forging. A 
one-inch hole had to be drilled down the center and the shaft part had to be 
tapered. In the casting form, the hole is cast to size, the taper also, and the 
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only machining necessary is on the ball. One hundred forty-four pieces are 
cast in one cluster, with a yield of 91 per cent. Shown in Fig. 13 is the cope 
ore. Figure 14 shows a section of the cope and drag with center core set in 
eft half. Figure 15 shows a section emphasizing the “umbrella gate.” The 
umbrella gate” was devised to increase the yield on the cluster type of cast- 
ings. It insures against the molten metal being spattered out from the center 
sprue into the ingate and from there to the casting proper before the body 
of metal reaches each respective layer of cores. 

i6. Figure 16 shows a washer for the universal carrier bogie assembly, 
which was formerly machined from round steel stock. There are 192 castings 
on this cluster, with a yield of 85 per cent. The only machining required is 
, reaming operation on the hole and a slight facing operation. 





Fic. 10—Types or Core Sanp. Torp—Bank Sanp. Borrom—Snarr SAND. MaoniricaTion X25. 
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Fic, 11—Ar Lert—RapiocraPH oF a Section or CentriruGaALLy Cast Carritr Sprocket. 
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fio, 12—-A True “Curistmas Tree Formation’ or 144 Cenrrirucatty Cast Bearincs. Yietp 91 
Per Cenr, 








Fic. 13—One or THe 24 Core Cores In Beartno Assemrty (Fic. 12). 
17. Figure 17 shows a cluster of cross shaft block castings. These blocks, 
like the washer, formerly were machined from bar stock. The saving in man 
hours in the machine shop more than pays for the extra cost of dry sand cores. 


Another point is the conservation of metal in the cluster pouring of this 
casting. 
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Fic. 14—A Sectrionat View or a Bearinc Castinc Core aNnp Drac with A Center Core Ser ar Lert 





UMBRELLA GATE 


Fic. 15—A Sectionat View or Beartnc Castine Core EmpnHasizinc THE ‘“‘UMBRELLA GatTE 


18. Figure 18 shows still another of our production jobs in the cluster 
form of dry spinning. This illustrates quite clearly that it is not necessary 
to feed from the center of a round casting. These round castings are all 
gated from the side. It will be noticed, however, that in this type of work 
the feed is ahead of the casting. Bearing in mind that we spin anti-clockwise, 
it can be seen that the metal is whipped into the mold cavity by the centrif- 
ugal action. 

19. Figures 19, 20 and 21 show types of castings with which we expen- 
mented during a very critical period of metal shortage. These castings show 
the varied applications of the centrifugal principle. Figure 19 shows an 
aeroplane propeller hub. On the left is the original 280-lb. forging. On the 
right is the finished machined product. The center shows a sectional view of 
the casting we produced. As many cores as possible were used and, by 
means of gating it at the top and spinning, we were able to produce a good, 
solid casting weighing 60 Ib. Figure 20 shows a cluster of brake shoe castings 
which enabled us to maintain production of our army vehicles when we were 
unable to obtain the fabricated type of brake shoes. 

20. At one time, the non-ferrous metals were so scarce in Canada that 
it was seriously considered turning to steel for propellers. It was with this 
thought in mind that the cluster shown in Fig. 21 was developed. This shape 
of casting lends itself ideally to spinning. Figure 22 shows a section of this 
propeller casting illustrating the good, solid metal right out to the tip. 
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91, Following along the umbrella gating lines, a cluster was laid out to pro- 
duce forty-eight 3-in. 10-lb. mortar bombs, six layers of eight. Figure 23 shows 
this cluster. The bomb is cast to size and the only machining required is the 
threading of both ends and the band finishing. The center core is set in a 
good-sized core print on the outside of the core. A good. solid core print is 
necessary to insure against any shift of the center core when the centrif- 
ugally forced metal strikes it. 

22. Apparently there is no limit to what can be spun in dry sand cores 
Figure 24 shows a sample of our future development when the pressure of 
wartime ends and allows us to turn to peacetime production. There seems 
no doubt that, by observing a few simple rules, such as maintaining a rigid 
control on temperature in conjunction with a constant speed, many kinds of 
unsymmetrical arrangements of castings can be produced commercially. The 
question has been asked, “Is it cheaper to spin a part or cast it statically?” 
Our experience has been that the yield, together with the saving in machining 
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Fig, 16—(Lerr) A Cenrrirvcatty Cast Custer or Boorse WasHers. Yrerp 85 Per Cent. 
Fic. 17—(Ricut) A CENTRIFUGALLY Cast CLuster or Cross-Suart Brocks. THe Arrancement Permits 
Economizinc ON Core SANp. Yietp 90 Per CENT. 
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Fic. 18—A Centrirucatty Cast CLustTer or Enocine Covers. Note Turee Rounp Castinos 1» Eacu 
Laver Spun From A CENTRAL Axis INSTEAD OF THE More Common Practice oF Spinninc A Rovunt 
Castine Asout Irs Own Axis. 





Fie. 19—Lzerr—Orrornat 280-Ls. Aeroplane Propetter Hus Forcinc. Center—Sectionat ViEw OF 
THE 60-Ls. Spun Castino. RicnHt — Finisnep Macuinep Castine. 
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Fic. 21—A Cenrretrucatty Cast Ciuster or Street Prorecizas. 
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Fic. 22—A SecrionaL View or THE CENTRIFUGALLY Cast Street Propetters SHown In Fic. ? 








Fic, 23—A CentriruGALLy Cast Ciusrer or Forty-gicnt 3-In. 10-Ls. Mortar Bomss 
Yrecp 75 Per Cenr. 


due to being able to hold the casting closer to finished specifications, makes 
the centrifugal method more economical than the static method of casting 


Diz Motp SPINNING 
23. Cost is always an important factor in the selection of methods to 
produce castings. As previously stated, we were spinning single castings, 
7 


shown in Fig. 1, in dry sand molds, but the saving in metal was being con- 
sumed in the cost of processing the sand. 
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Permanent Mold Die Design 

24. A permanent die mold was the logical solution to this problem, but 
we wanted a method whereby long life and a cheaply manufactured die could 
be combined. Our first trials proved to us conclusively that some method had 
to be devised to absorb the force of the molten metal as it first strikes the die. 
A recess was cut in the die and a core inserted. Figure 25 shows this perma- 
nent mold set up. The die is split in half with one locator pin and bushing 
in each half. Grooves for locating the cores can be seen in the die on the left 
of Fig. 25, while on the right the half splash and center core are located in 
place. It can readily be seen how the metal enters through the gate (A), hits 
the splash core and fills the die cavity. Adopting this principle, we have dies 
in service that have produced over 6000 castings. 

25. Not only did the splash core prolong the life of the die, but it enabled 
us to cast these dies in our cast iron department from regular brake drum iron 
of the following analysis: 

Per Cent 
Carbon 3.10 to 3.30 
Manganese .60 to .80 
Silicon 2.10 to 2.20 
Sulphur .10 (max.) 
Phosphorus -10 (max. ) 


26. Thus we were able to depart from the more costly practice of using 
high alloy materials. Figure 26 shows the core boxes and pattern used to 
make the casting almost to size. A little grinding operation on the inside and 


Fic, 24—An EXperiIMENTAL Centrirucatty Cast Ciuster or Gears ror Post-War DeveLorment 
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Fic. 25—Tue Two Hatves or a Permanent Die Mortp. Tue Hacer Sprasn Core ann Harr Cenmm 
Core Are SHOWN Set IN ON THE RicgHt. A—Gate Entrance, B—Sptasn Core. 





Fic. 26—Parrern anp Core-Box Equipment ror Castinc Permanent Dire Mo.ps 1n Tus Founory. 
fitting in of the locator pins and bushings is all the machine work necessary. 
The total cost of the complete die is $46.00. 

Gating 

27. The location of the gate (A), Fig. 25, caused us a considerable 
amount of worry. We first cut in at the flange with a single gate. The cast- 
ing was solid enough, but hot tears developed in the neck at the base of the 
ball section. A double gate was tried on the flange, with no better results. 
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Finally, a single gate was dropped right into the critical part of the neck and 


the crack disappeared. 


Operation 

98. In order to speed production of the castings from these permanent 
die molds, a special line was designed, the layout of which is shown in Fig. 27. 
In Fig. 28, a core setter is shown at work on the dies traveling along the slat 
onveyor. It will be noticed that the dies, although resting on the conveyor, 
are still hooked to their individual hangers and remain so throughout the 
entire operation, except when transferred to the pouring turntable. Figure 
29 illustrates this more clearly as the closed-up dies follow along to the 
spinner turntable. The catch arrangements prevent the dies from shifting 
apart until they are located in the spinner pots. -The slat conveyor, the over- 
head conveyor and the turntable are all synchronized so that there is always 
a spinner pot waiting for a die (Fig. 30) 
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Fic. 27—GeneraL Layout or Verticat Permanent Mowp SPINNING Unrr. “A” Turntasie 


Fic. 28—Core Serrinc Operation ror Permanent Dre Moups. 
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Fic. 29—GeneraL View or THE OverRHEAD AND SiLat Conveyor. 





. », 
TRANSFERRING THE PERMANENT Dre Motp FROM THE OverHEAD Conveyor TO THE SPINNING Pot 
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99, The turntable consists of 12 stations, or spinner pots. As soon as the 
sot with its die reaches the pouring station, it starts to spin anti-clockwise at 
ur standard speed of 167 rpm. The pourer stands on the revolving table and 

urs the die (Fig. 31). The fact that the pourer stands still gives him a 


steadier pour and cuts down splashing of the metal. The pouring of this job, 


like that of all of our centrifugal castings with the exception of the aeroplane 
cylinder barrel, is “gentle.” No effort is made to force the metal into the die 
ther than that of the natural centrifugal action. As soon as the metal 
hits the die it chills, and it is quite interesting to note that even short-poured 
castings (cut up for inspection) produce a solid job. However, the extra 
metal is maintained as a margin of safety. 

30. As the spinner pot passes out of the pouring zone the spinning stops, 
and the die is transferred back to the overhead conveyor and on to the shake- 
out, where the castings are removed from 3 to 5 min. after pouring. Figure 32 
shows the shake-out. The catch has been snapped open allowing ample room 
to remove the casting from the die. 

31. As the dies pass from the shake-out they are sprayed with silica wash 
Table 3) on the parts which come in contact with the metal, and continue 
around to the assembly table. There are 49 dies to the line. Normal produc- 
tion on this line is 200 castings per hr. We carry five different types of cast- 
ings, the steering end ball socket, large and small steering knuckle, short axle 
shaft and gear box housing. Figure 33 shows the steering knuckle. This cast- 
ing is more irregular in design and yet lends itself very well to spinning in a 
permanent die mold. ~ 


Fic, 31—Tue Revotvinc TurNTABLE ON WHICH THE SPINNING Dies Are Povuren. 
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32. The question has been asked on numerous occasions whether the 
centrifugal action has any effect on separating the elements that make up the 
steel. With this thought in mind, 13 samples were taken from a centrifugally 
cast sample, from the locations shown in Fig. 34. The samples were analyzed 
for carbon, manganese and silicon in two different laboratories, and a definite 
uniformity of composition was established. 





Fic. 32—SHAKE-ourt Operation. Tue Castinc Is Removep From THE Die By LEVERAGE FROM THE Bot- 
TOM OF THE CASTING. 





Fic, 33—Sreertnc KNuckie Castinc Spun IN A PERMANENT Dik Mop. Yrevp 85 Per CesT. 
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Fic. 34—Diacram SHowino Location or SAMPLES TAKEN For ANALYsis to Derermine Errectrs OF 
CenTRIFUGAL ACTION ON SEPARATION oF ELEMENTS IN STEEL CASTING. 


Vertical Spinning 

33. Another form of die spinning is the aeroplane cylinder barrel shown 
in Fig. 35. The most difficult part of this job is the heavy section from which 
the cooling fins are machined. We started spinning this casting on a horizontal 
axis with a grooved die (Fig. 36) to facilitate’ cooling of the heavy section. 
It soon became apparent that the speed we desired to pack the metal to 
meet the rigid magnaflux specifications could not be attained on a horizontal 
axis. If the speed was increased above 750 rpm., the tendency was to crack 
the casting. A number of experiments conducted on a temporary vertical 
spinner convinced us that spinning vertically was the ideal condition. A 
machine (Fig. 37) was designed and we have been producing this casting by 
vertical spinning for the past 8 months with exceptionally good results. 
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34. Figure 37 shows the mechanical details of the spinner unit. Figure 
38 shows the die in relation to the casting, with end plug and core. ‘ 
Melting and Pouring 

35. The rigidly followed procedure in aeroplane cylinder production js 
described in the following paragraphs. 

36. A select grade of scrap metal is melted down in a 500-Ib. acid-lined 
electric furnace, and has the following approximate analysis: 


Per Cent 
Carbon 0.35 
Manganese 0.40 
Silicon 0.20 
Sulphur 0.03 
Phosphorus 0.03 


The metal is then “doctored” to conform with SAE 4140 specifications, which 
are usually kept on the low side (Table 4). 


Table 4 
SPECIFICATIONS FOR AEROPLANE CYLINDER METAL 
pees Cent en 
As Specified Desired 
Carben 0.35 to 0.45 0.40 to.0.44 
h Manganese 0.60 to 0.80 0.60 to 0.80 
' Chromium 0.80 to 1.00 0.90 to 1.00 
; Molybdenum 0.20 to 0.25 0.20 to 0.25 
Silicon 0.30 (max.) 0.30 (max.) 
: Sulphur 0.05 (max. ) 0.03 (max.) 
: Phosphorus 0.05 (max.) 0.03 (max.) 
* 
8 
a 
b 
i 
i 





Fic. 35—A CenrrirucaL, Verticatcy Cast AgROPLANE CYLINDER Barret. Lerr—‘‘As Casr.”’ RicHT 
Tue FinisHep Propucr. 
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I 37—Deraits or Vertica, SpinNer Unit Desicnep ror CentrirucAL CastTiInG oF AEROPLANE 


Cytinper Barrev. 


37. After the additions have been made and well-rabbled into the bath, 
the metal is brought to pouring temperature (3050 °F.) and slagged off, and 
is then ready to pour (Fig. 39). A weighed ladle is used and the metal 
checked on the scale to 48 lb. This governs the inside diameter. The metal is 
then poured into the spinning die (Fig. 40) after it has been deoxidized with 
\%o-oz. of aluminum and 3 oz. of ferromanganese, sufficient time elapsing for 
these elements to perform their function. The metal is poured into the die 
at 2830 °F. The optical pyrometer man carefully checks this temperature in 
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Fic. 38—SeEcTION OF 


AEROPLANE CYLINDER Barret IN 
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RetatTion to CastTiInc, witH ENp P tuo anp Com 





Fro. 39—Generat View 


or tHe Layout ror CEentrirucaL CasTING oF THE CYLINDER BARgel. 
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every ladle. The die spins at a speed of 1200 rpm., and after pouring is 
allowed to spin for two minutes. It is then removed from the spinner, the 
end plug is taken out, and the casting dropped, as shown in Fig. 41. 





Fic, 41—Removar or Cy.inper Barret Castinc rrom tHe Die sy Suminc Down tHe Meta Trovox 
AND Stoprinc tHe Dre Smartiy, ALLowinc tHe Castine To Fatt Ovr. 
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38. The dies used are cast in the foundry from metal which has the {o). 


lowing composition: 


Per Cent 
Carbon 0.38 to 0.45 
Manganese 0.70 to 0.90 
Silicon 0.30 (max.) 
Sulphur 0.05 (max.) 
Phosphorus 0.05 (max.) 


The life of the die is approximately 500 castings. The plugs in the bottom 
are either concave or convex, as shown in Fig. 42. Although it makes but 
little difference, the convex type has been adopted to standardize the proces 
The life of the plug is slightly less than that of the die, as it takes the full 
drop of the molten metal. 

39. The aeroplane cylinder casting is normalized at 1750 °F. for 8 hr, 
cooled in air and drawn at 1250 °F. for 6 hr. A rough cut is made on the 
inside and outside diameter, and the casting is then ready for the final heat 
treatment. This consists of a quench in oil from 1550 °F., with a pressure 
spray for circulating the oil on the inside of the casting. It is then drawn to 
a Brinell hardness of 285 to 321. Microstructures of the steel are shown in 
Fig. 43, (A) after normalizing at 1750 °F., (B) final structure, magnification 
x100 and (C) final structure, magnification x1000. 

40. Various physical tests (Table 5) have been conducted on these cylin- 


Table 5 


AVERAGE PHYSICAL PROPERTIES OF CENTRIFUGALLY CAST STEEL CyLINDERS 


Elastic limit, psi. 120,000 to 130,000 
Ultimate strength, psi. 130,000 to 150,000 
Elongation in 2 in., per cent 10 to 14 
Reduction of area, per cent 20 to 30 
Izod, ft. lb. 18 to 22 





Fic, 42—Tyres or ENp Piucs Usep iy Cy.inper Barret Diz. Errner Type May Be Usep 
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Fic. 43—-(A) MicrocrapH SHowinc Unirorm Structure or CentrirucaLty Cast Sree: Arter Nor: 

MALIZING AT 1750 °F, Maonirication X100. (B)—MuicrocrarnH SHowinc Frinat Srrucrure (Sorsrre) 

ov Cenrrirucatty Cast Sreet. Macnirication X100. (C Same as (B). Maonirication X 1000, ALi 
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ders. Regular production tests submit them to 750-Ib. oil pressure with carefy| 
checking for the most minute seeps. On a destruction test, they invariably 
withstand a pressure of 8000 lb. before bursting. Current reports from the 
Air Force on this cast cylinder state that it outwears the forged cylinder three 
to one. 

41. The macro-etched cylinder section shown in Fig. 44 well illustrates 
the statement previously made that the casting is difficult to make due to 
the heavy section. The porous section increases in direct proportion to the 
thickness of the casting. The radiograph (Fig. 45) bears this out. Both 
Figs. 44 and 45 are of sections of the “as cast” sample. 


GREEN SAND SPINNING 


42. In all our work in centrifugal casting, it has always been our ambition 
to replace the dry sand with green sand. About a year ago we started, 
experimentally, with this thought in mind. It is generally accepted that the 
core oils, mixed with the foundry sands and baked in an oxygen atmosphere, 
coagulate to bind the grains of sand tightly together, thereby enabling the 
sand cores to withstand the pressure of the molten metal. In green sand 
practice, small amounts of fireclay flour and bentonite with water together 
with flasks and weights overcome this pressure. We wanted a sand condition 
that could replace the dry sand cores. In other words, we wanted to make 
green sand molds that could be handled and stacked, similar to the sprocket 
cores, without the use of flasks. 

43. The thought behind this was a synthetic sand line. The sand, coming 
down from overhead hoppers, would be made into molds on a squeez 
machine and transferred to an air-drying conveyor. From the end of this 
conveyor the cores would be removed and assembled in much the same 
fashion as our regular “christmas tree” formation of dry sand spinning. After 
pouring the assembly would be transferred to a cooling conyevor, and from 
the cooling conveyor to the shake-out. A fines drum would remove the fines. 
A roller magnet would take out the metal. A pug mill could be used to 
aerate and break up the sand. From the pug mill the sand would be trans 
ferred to a vertical chain elevator through a squirrel cage aerator and into 
hoppers above the mixers. In the mixers the sand could be mulled with the 
necessary additions and returned to the hoppers above the molding machines. 


Sand Mixture 


44. To perform this function, a sand had to be developed that would 
withstand the pressure of the centrifugal action of the metal. Various mixes 
were tried, but the ideal batch was bonded with a compound, the principal 
ingredient of which was halloysite. A 12.5 per cent addition of this compound 
to our sharp sand gives a sand of the characteristics shown in Table 6. 
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Table 6 


SAND CHARACTERISTICS AFTER VARIOUS NUMBER OF BLows oF 
A.F.A. STANDARD RAMMER 


No. of Rams 3 5 10 15 
Weight of Specimen, grams 166 169 plus 175.0 179.0 
Water, per cent 1.7 1.7 ‘a 1.7 
Flowability 85 85 85 85 

87 87 87 87 
Deformation, in. per in. 0.005 0.011 0.017 0.021 
0.007 0.010 0.0185 0.022 
Permeability 165 155 115 100 
165 155 115 100 
Green Compression Strength, psi. 3.7 4.7 6.6 7.4 
3.7 4.8 6.6 7.6 

One Hour Air Dry 

Compression Strength, psi. 8.9 12.0 16.0 18.0 
8.0 12.5 14.0 20.0 

Hardness 91 95 95 96 
90 95 96 97 

Ten Hours Air Dry 

Compression Strength, psi. 44.5 61.0 69.5 75.5 
40.0 57.0 71.0 73.0 

Hardness 94 94 96 96 
95 95 96 97 


45. The values shown in Table 6 for five or more rams indicate the 
strength increases obtainable with greater pressure. In practice, the pressures 
used are much greater than those produced with the additional ramming 

46. The molding practice consists of a pattern, fixed to a jolt-squeeze 
machine. A predetermined amount of sand is spread over the pattern and a 
calculated high pressure is applied. The pattern and plate are slid from the 
machine and turned over and stripped. A well-perforated plate is used to 
allew as much air as possible to contact the bottom surface of the mold. 
After the mold is set an alcohol-base spray is used on the parts of the mold 
that come in contact with the metal. This spray consists of one part alcohol, 
one part core oil and one part glutrin. 

47. Halloysite is added until a specific gravity of 55 °Bé is obtained. The 
molds are sprayed cold, no torch being necessary to make the skin dry. 

48. Using this sand and system of molding, casting clusters, such as the 
sprocket (Fig. 2) and the bearing (Fig. 12), were spun in green sand without 
the use of supporting flasks. Figure 46 shows a cluster of crankshafts, employ- 
ing the “umbrella gate,” which were spun in green sand. Note the location 
of the riser on top, which is located ahead of the individual casting, the metal 
to be fed into the casting as it spins anti-clockwise. 


Machine Tool Steel Castings 


49. A great deal of experimenting with this sand has been done with tod 
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Fic, 46—A Spun Custer Castinc or CranxsHarrs Cast in GreEN SAND 


steels, our chief reason for this being that a 200-lb. induction furnace can be 
used to supply the metal, and the type of casting for a tool gives the sand 
a trying test. Figure 47 shows a stagger-tooth milling cutter, as cast. This is 
a spun casting, green sand with Juanita bank sand instead of sharp sand being 
used to produce a better finish. Figure 48 shows the tool ready for use. Very 
little machining is required on this cutter. The analysis is as follows: 
Per Cent 

Carbon 0.70 

Tungsten 18.00 

Chromium 4.00 

Vanadium 2.00 
The casting, in its application on repeated tests, has outlasted similar tools 
cut from bar stock. 

50. Figures 49, 50, 51 and 52 show various machine tools which were cen- 
tnfugally cast in green sand. Various types of gating have been employed to 
produce these castings. They clearly illustrate the close dimensions that can be 
held in work of this nature. Figure 49 shows a four-lip core drill that was spun 
from a steel alloy of 18 per cent tungsten, 4 per cent chromium and 2 per 
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Fic. 47—A Sraccer-Toorn Mumuimc Currer Castinc Spun 1n Green SAnp 
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if #4 cent vanadium. Figure 50 shows a side milling cutter tool. We have been 
i casting this type of tool for the past two years, but in the form of a blank. 
iH Figure 51 shows another casting that has lately developed from the blank 
‘4 form into a “cast to size” type. It is interesting to note the two forms of 


gating. In the side milling cutter, the center sprue goes through the casting 
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and two small gates feed it from the bottom, while in the slab milling cutter 
two gates come from the center sprue, feeding into the top of the casting. 
Still another type of feeding is employed in casting a hob milling cutter 
Fig. 52). The trick to this casting is in making the green sand mold, employ- 
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Fic. 49—A Four-Lirr Core Dritt Castine Spun in Green SANnp. 


Fro. 51—A Stas Miturnc Currer Castine Spun in Green Sano. 
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ing a device called a “snake.” This “snake” consists of loose pieces that ar 
hinged together and which is drawn from the mold by means of folding 
inward, leaving clearance to remove it. 

51. Figure 53 (top) shows a spline broach spun in green sand and 
(bottom) an enlarged view of this broach showing the details more clearly, 
The mold is made up of sections. Each section has the impression of one 
group of teeth. Top and bottom sections are clamped on. The assembly js 
held in a special adaptor pot for spinning. 

52. The foregoing examples open up an entirely new field for the spin. 
ning of metal. The results so far have been most encouraging, and we expect 
to investigate much more of this type of work in the future. 
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Fic. 52—A Hos Mitiinc Cutrer Castine Spun 1N GREEN SAND. 


wy 


Rd OS Se 





, Hage 

: es 
be * 
i 
E, } 


rec PE eee 


Fro. 53—Tor—A Spine Broach Castinc Spun in Green Sann. Borrom—En arcep Section SHOWING 
Derai.s. 





p. BLACKWOOD AND J. PERKINS 


CONCLUSION 


53. In a paper of this nature, the conclusions are rather difficult to 
correlate. We feel that our work is merely a beginning for the future develop- 
ment of centrifugal castings. The conclusions will be more complete when 
the hundreds of applications, which present themselves, have been investi- 
gated. By the same token, the type of work proven in this article is bound 
to suggest to its readers other projects to which centrifugal methods are 
applicable. We have poured into spinning molds practically every type of 
commercial metal including the following: 

Magnesium Brass 

Aluminum Zinc 

Copper Tool steels 
Chromium copper Various SAE steels 
Beryllium copper Carbon steels 


Manganese bronze Malleable iron 
Phosphorus bronze Cast iron 


Metal Combinations 


54. Combinations of metals have been tried with good results. For 
example, a given amount of steel was poured at 1200 rpm. Sufficient time 
was allowed for partial solidification and then a bearing mixture (65 per 
cent copper and 35 per cent lead) was poured into the die. The result was 
a well-knit steel jacketed bushing which withstood a 350-ton pressure applied 
in an endeavor to separate the bearing metal from the steel. Various other 
combinations of the “previously mentioned metals have been tried with 
gratifying results, the most difficult of which was the application of a steel 
liner to a magnesium jacket. By means of using a latent gas, careful timing 
and temperature control of metals, a sound combination resulted. 

55. However, in this conclusion, some time should be spent on the 
advantages of centrifugal casting. There really are only two major items that 
govern our methods, and those are cost and quality. 


Cost 


56. One of the biggest advantages of centrifugal castings over static cast- 
ings is the closeness to which finished dimensions can be held. It is a com- 
mon occurrence in foundry practice today to allow %-in. or better for 
machined surfaces. Forgings, in particular, require a great deal of machining 
to produce a finished article. In centrifugal practice, this allowance for 
machining can be held to 1/16-in. There are innumerable metal products 
on the market today that are either forged or statically cast, followed by 
machining operations which, if the part had been spun to size, would not be 
required. 

57. Another predominating factor in the cost is the yield attained with 
centrifugal castings. Metal at the spout is represented in dollars and cents, 
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and the more metal that can be consolidated into sound castings in relation 
to sprue, the lower the cost of producing that metal. Not only is the saving 
in remelting, but the handling and storage of the sprue is a large cost factor, 
Our average yield on centrifugal steel casting is 80 per cent, with some jobs 
running as high as 90 per cent. 


Quality 


58. The centrifugal casting method is the most ideal condition which can 
be attained in foundry practice. By this method the science of metallurgy js 
harmonized with the art of coremaking and molding. This has been proved 
in actual practice where we have obtained physical properties in castings 
10 to 15 per cent greater than in forgings. 

59. Ina forging, the metal, by means of hammering or working, is forced 
into shape. To a certain extent, the grain structure is disrupted. In the 
centrifugal system of naturally packing the grains, an ideal condition is 
attained. However, it must be borne in mind that a relationship between the 
revolutions per minute and the temperature of the molten metal entering 
the mold must be established for the different types of metal used. 

60. It is also important, from a metallurgical standpoint, to see that the 
metal is poured from the furnace at a temperature sufficiently high to allow 
the deoxidizers to complete their reaction. By this means any non-metallic 
inclusions have been eliminated. Upon entering the mold, any minute 
particles remaining will terminate, by centrifugal action, in the center sprue. 
Uncombined gases, by the same token, are forced out of the castings, and no 
intricacy of design can prevent the metal from filling out the mold cavities 
to the exclusion of anything lighter in weight than the metal itself. All of 
these conditions combine to produce a fine quality, low cost steel castine 
which is our fundamental purpose. 
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DISCUSSION 


Presiding: Dr. A. E. Scuun, U. S. Pipe & Foundry Co., Burlington, N. J. 

Co-Chairman: J. B. Carne, Sawbrook Steel Castings Co., Lockland, Ohio. 

Ere J. Hussarn’ (written discussion): It is indeed noteworthy to find that informa- 
tion such as just presented is becoming available to aid the industry. The authors are 
to be complimented on their fine work. 


1 Research Laboratory, Koppers Co., American Hammered Piston Ring Div., Baltimore, Md. 
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We have been experimenting for some time with the true or horizontal method of 
centrifugal casting, and the results are most encouraging. Centrifugal casting is not a 
cure for all diseases of static castings, although it does, in many cases, offer decided 
advantages not only from the cost side but also from the increased physical properties 
obtained. 

Many of the same casting difficulties encountered in static casting are also found in 
centrifugal casting, such as hot tears, pouring temperatures, etc., but, usually, the condi- 
tions are not quite as critical. 


We, in the piston ring industry in the United States, have known for some time that 
other countries were manufacturing piston rings from centrifugally-cast piston ring pots, 
but because we were established on statically-cast individual rings for the most part, 
and results obtained apparently were satisfactory from the standpoint of physical prop- 
erties, we have not investigated the centrifugal casting method until recently. 

We have investigated this method enough to know that there are some decided 
advantages that can be obtained with proper metal composition; for example, a decided 
increase in impact strength and the modulus of elasticity. 

Most of our work has been done with permanent metal molds, and we went through 
a host of difficulties with castings sticking to the mold and to the detachable front and 
rear plates. After considerable experimentation, a molybdenum cast iron mold and 
baked sand cores, backed by steel] plates for the front and rear of the mold, proved to 
be successful. We were wondering if the authors have any experience in the preheating 
of permanent molds. To date, we have been heating the molds to a temperature of 
600 to 700° F. before spraying with the mold wash. Our meta! usually is at a tempera- 
ture of 2850 to 2900° F. when it enters the mold. The material is a composition con- 
taining small amounts of chromium, nickel and molybdenum calculated to give white 
cast iron in the 3.00 per cent carbon, 1.25 per cent silicon range. As yet, we have not 
traced any difficulties to the temperature of the mold, but have been informed from 
time to time that it was important. Is the temperature of the mold before casting 
critical ? 

Do the authors have any information regarding the use of steel plates at the front 
and rear of the mold? Our mold is very similar to that shown in Fig. 36. In some 
cases, when we used cast iron and also low carbon steel plates, we found that the casting 
had actually “burned” or eroded about 1 in. into a one-in. and 1'/2-in. thick plate. The 
wall thickness of most of our castings is about % in., length 14 in., and the outside 
diameter 534 in. to 6% in. 

The authors also stated that in spinning a casting horizontally there was a tendency 
to form cracks in their particular size casting when the spinning speed was increased 
above 775 rpm. Is it possible that this may be eliminated by either increasing or 
decreasing the speed after the mold has been filled? We have recently encountered 
some of the authors’ difficulty, occurring as a longitudinal hot tear in a cylinder with 
1%-in. thick wall, but we have never noticed it in a casting of %-in. wall thickness. 
The outside diameter of the casting in this case was 6¥2 in. and the length 14 in. The 
mold was spun at 980 rpm. 

We have always been given to understand that if the length of the casting was twice 
the diameter, it was better to spin the mold on a horizontal or a slightly inclined axis 
rather than vertically. Do the authors have any comment on this? 

Mr. Perkins (answer to Mr. Hubbard’s written discussion): Mr. Hubbard assumes 
that true centrifugal and horizontal spinning are synonymous. This is not the ‘cage. 
True centrifugal casting usually is defined by means of the weight of metal poured 
governing the inside diameter of a cylindrical shape. This can be produced both hori- 
zontally and vertically. However, in the vertical method the parabola formed has to 

















: 





4 
{ 
$ 
| 
| 
Hy 














od 








319 CENTRIFUGAL Castings 


be taken into consideration, and it is obvious that a cylindrical shape of too great length 
would make this method impracticable. 

We use a steel die, cast in our foundry, of the analysis shown in paragraph 38 of 
the paper. The temperature of the dies is maintained at between 200 and 300° F. The 
dies are sprayed with a light silica flour spray, and the metal poured into the die as 
cold as practicable operation will allow. As to the “burning in” of end plugs, etc., the 
trouble may be due to high pouring temperatures. 

In Fig. 38 is shown a sectional view of a casting indicating the type of plug used 
for end plates in the bottom of the die and the core used in the top. 

The tendency to crack, pouring the casting horizontally, was a result of increasing 
the speed of the unit to eliminate minute porosity indications. We believe that the 
cracks formed as a result of the vibration caused by running the horizontal machine 
at 1000 rpm. when the metal was in the critical cooling state. 

J. A. Rassenross*: Mr. Perkins mentioned that the green sand molds used for 
centrifugal work were made up with precalculated high pressures. What were the order 
of those pressures, approximately how were they applicd, and through what range of 
depths of cores are they applicable to give good results? 


Mr. Perkins: We have not definitely established the pressure as yet. We took the 
patterns for making the statically-cast crank shafts and put on a predetermined amount 
of sand and then applied about 500 psi. pressure on those particular cores for the crank 
shafts. The surprising part about it, and why we are so interested in it and why we 
intend to keep after it, is the fact that after the core was stripped from the pattern and 
laid aside, in a matter of 5 or 6 min. it could be picked up by a corner. 

The dimensions are about 14 x 14 by one in., in some cases ranging up to 22 in 
for the heavy core on top. 


W. E. Mantn*: What are the properties of this green sand halloysite material? Does 
it have to be made in a flask or can it be used as the cores are, without support? 


Mr. Perkins: We have a typical foundry production molding line, and we are run- 
ning a rather tricky casting for a universal carrier. It is a bogey bracket arm and has 
a green sand cope and drag. Each arm is cored out and a large core is placed between 
the two arms. Various other cup cores, etc., comprise the assembly. We were running 
across a cracking condition between the arms, indicating a too rigid core. We put a 
bench coremaker right beside the line and let him make the cores up and put them 
aside. After they had stood about '% hr., the core setter would set them in the mold, 
and some wonderful results were attained. 

As to the properties of halloysite, it is a siliceous material with a very high fusion 
point (3400 to 3500° F.), and this enables us to use it as a molding medium. The high 
fusion point gives that much more resistance to the corrosive effects of the metal. 

Mr. Maurin: You would still have the properties of the green sand, however. 

Mr. Perkins: Yes. There are no flasks used. By the same token, we are trying to 
develop a spray that will not require skin drying, etc. We have accomplished it in quite 
a number of jobs, especially the tool steel. In fact, we feel confident enough to design 
our lines to take care of the production of green sand stacks of these sprockets 
and bearings. 





2 American Steel Foundries, East Chicago, Ind. 
8 Westinghouse Electric & Mfg. Co., East Pittsburgh, Pa. 





Centrifugal Casting of Steel 


By C. K. Donono*, BirMINGHAM, ALA. 


Abstract 


The author presents the various methods and types of centrifugal 
casting of steel. The advantages and disadvantages of centrifugal cast- 
ing, as evaluated by comparison with static casting and forging, are dis- 
cussed in detail. Physical properties of steel cast centrifugally under 
various conditions are given. The effects of various treatments on the 
structure and properties of centrifugally cast steel are discussed, 
emphasis being placed on deoxidation procedure. 


The direct forming of useful engineering parts from liquid steel by 
centrifugal casting is not new’, but there has been a remarkable expansion in 
this field since the beginning of the war emergency. Use of centrifugal methods 
enables the foundryman to produce castings more uniform in properties and 
consistently more free from defects. Centrifugal casting also has enabled 
foundries to produce successfully parts formerly available with suitable quality 
only in the form of forgings. For evaluation of centrifugal casting there are, 
then, two separate criteria for comparison; static casting, and forging. 


Advantages of Centrifugal Casting 


2. Compared to static steel casting, centrifugally cast steel may realize 
the following principal advantages: (1) increased soundness and cleanliness, 
2) higher yield, (3) simplified inspection, and (4) adaptability to mass pro- 
duction. Compared with forging, centrifugal casting may show the following 
advantages: (1) producing parts nearer to finished dimensions with conse- 
quent saving in machining, (2) lower equipment cost than for forging dies 
and presses, and (3) production of parts free from directional properties. 

3. This paper does not intend to imply that centrifugal casting is a pana- 
cea to cure all casting troubles. Compared to static casting there are limita- 
tions of size and shape, and the expense of installing and maintaining spinning 
equipment. Compared to forging, there is the lack of opportunity to com- 
pletely test the steel before forming the part, and the lower tensile ductility in 
the longitudinal direction. 

*Metallurgist, American Cast Iron Pipe Company. 


Superior numbers refer to references at the end of this paper. 


Note: This paper was presented at a “eo + ye Sym ce Session of the 48th Annual 
Meeting, American Foundrymen’s Association, Buffa , April 8. 1944 
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4. All rolled or forged steel has the grains and non-metallic inclusions 
elongated in the direction of rolling with the result that the properties obtained 
when the part is stressed perpendicularly to the flow lines are quite different 
from those obtained by testing in the longitudinal direction. The grain struc. 
ture of castings is changed only by heat treatment, and the non-metallic’ are 
practically unalterable in size, shape, and distribution. A sound, heat-treated 
casting, however, does have equal properties when tested in any direction. 


5. This inherent structural difference between castings and forgings is often 
an advantage in favor of the casting. Cone* has reported bursting tests of 
forged and centrifugally cast aircraft cylinder barrels, where the forgings split 
longitudinally & significantly lower pressures than the bursting pressures of 
similar centrifugally cast barrels. The cast barrels also showed greater “bulge” 
deformation. McCarroll® found that centrifugally cast gears had better over- 
all properties than forged gears. 


Types oF CENTRIFUGAL CASTING 


6. Centrifugal casting has been divided into three types: (1) centrifuging, 
(2) semi-centrifugal casting, and (3) true centrifugal casting. In centrifuging, 
molds are spaced around the periphery of revolution and the metal is flowed 
from a central down-gate into the molds through radial in-gates. Semi-centrif- 
ugal casting is used for wheels, gears, or other disc-shaped parts. The mold 
is spun about its own axis and the centrifugal force generates pressure from 
the center outward to the rim section. This aids feeding of the rim section 
and helps to achieve directional solidification. 


7. In true centrifugal casting, the mold is spun about its own axis and at 
least a part of the useful interior surface is shaped by centrifugal force with- 
out a center core. It is only in the latter type that the full benefits of the 
centrifugal method accrue. Highest yields, best flotations of non-metallics, most 
positive elimination of shrinkage and gas pockets are obtained by true centnrif- 
ugal casting. 


Mo.tps 


8. The mold material for centrifuging and semi-centrifugal casting 1 
usually sand. Various proprietary “investments” are used in specialized work. 
Ford Motor Company has produced gears semi-centrifugally in metal molds’. 


9. Molds for true centrifugal casting are either sand or metal. Each type 
has its advantages*. A metal mold, or die, which may be used for hundreds 
of castings is preferred for cylindrical parts which are not of excessive length. 
The presently preferred metal mold material is either soft gray iron or low 
carbon steel. 
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AXES 


10. Centrifuged and semi-centrifugal castings are most commonly spun 
about the vertical axis. These processes are adaptable to stack molding. True 
centrifugal castings are usually spun about the horizonal axis, in which case 
the interior formed by centrifugal force is perfectly cylindrical and is exactly 
determined by the mold dimensions and the quantity of metal poured. 

11. True centrifugal castings in some cases are spun about vertical or 
inclined axes®. The cavity formed by spinning about any axis other than the 
horizontal is paraboloidal. The shape of the cavity may be calculated by the 
following, which is the equation of the parabola at a section through the axis 


2 
ines Gz ee 


line: 





sin B 


Where: H-—height above vertex in inches. 
N-—spinning speed, rpm. 
B—angle of inclination of axis. 
R—radius of cavity. 


12. Figure 1 shows calculated shapes for vertical axis casting at several 
spinning speeds. It has been shown experimentally (Fig. 2) that the calcula- 
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Frio. 2—AcruaL aNp CALCULATED Parasotic Cavity 1n Vertica, CENTRIFUGAL CasTING, 


tion gives an accurate representation of the actual cavity, except as modified 
by contraction and piping. 


SPINNING SPEEDS 


13. There is little general agreement as to the most favorable spinning 
speeds for centrifugal casting. The uncertainty extends even to the proper 
type of equation to relate favorable rpm. and diameter. In vertical axis 
spinning, it is most usual to calculate speeds to maintain a certain peripheral 
velocity. This system also is used sometimes for horizontal, true, centrifugal 
casting. Another system is to relate speed to diameter so as to maintain 4 
constant centrifugal force per unit weight of metal. 

14, These two systems can be expressed by equations but are more con- 
veniently calculated by the nomographic charts herewith presented in Figs. 3 
and 4. In Fig. 3, a straight line from the diameter to the desired peripheral 
velocity will cross the center scale at the required spinning speed. In Fig. 4, 
a straight line to the desired centrifugal force figure crosses the center scale at 
the rpm. which will generate this force. 

15. In vertical semi-centrifugal casting of gears, Wright and Caine® ust 
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450 to 600 surface ft. per min. peripheral speed. Other experimenters have 
used speeds from 200 to 1000 ft. per min. In centrifuging and semi-centrifugal 
casting, where the centrifugal force acts only to furnish pressure or to throw 
the first-—and coldest—metal to the periphery, the speeds used are not critical 
and are more often determined by practical exigencies than by physical theory. 

16. Spinning speeds are more critical in true centrifugal casting. An 
insufficient speed will not “pick up” the metal on the mold wall and will allow 
slipping or “raining” until the metal is nearly solidified. This may cause laps 
and entrapped oxides. Excessive spinning speed can produce circumferential 
tension high enough to cause longitudinal hot tears in the solidifying steel as 
it shrinks away from the mold wall. Between these extremes there is a range 


of favorable speeds. 


CENTRIFUGAL CASTING CALCULATION 
Diameter-RPM-Velocity 
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CENTRIFUGAL CASTING CALCULATION 
Diameter - R.P.M.- Force 
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17. At the writer’s plant, for true centrifugal casting in sand lined molds, 
a speed to give a centrifugal force of 75 times gravity at the inside diameter 
has been found most satisfactory. For very thick-walled castings, or castings 
with large diameter flanges, it may be necessary to select a compromise 
diameter for the 75g to avoid having excessive force at the largest outside 
diameter. 


18. The molten metal “picks up” more readily on metal molds than on 
sand molds. Usual practice for metal-mold, true, centrifugal casting is t0 
use a speed to give a force of about 60 times gravity at the inside diameter. 
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TyYPIcAL CASTINGS 


19. Figure 5 is an example of the centrifuge method using stack molding 
to produce a number of identical parts from a single down-gate with no risers. 
In Fig. 6 is shown as-cast and machined views of a typical semi-centrifugal 
casting made sound without risers. Figure 7 shows the same principle adapted 
to stack molding. 

20. True centrifugal casting in sand-lined molds is illustrated in Fig. 8 
by 16-ft. lengths of cast steel shafting. A product of the metal-mold, true 
centrifugal process is shown in Fig. 9. This process is used for mass produc- 
tion of highest quality cylindrical steel parts in the shorter lengths. 


STRUCTURE AND PROPERTIES 


21. Steel cast by centrifuging and semi-centrifugal casting is not essen- 
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Fic, 6—Fiy-Wueet Castine Mape Semi-CentriFuGALLy, Cenrer—As-Cast. Oursipe—Macninep 
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tially different in structure and properties from other steel castings. The prob- 

Mt lems of correct gating and feeding of heavy sections are ever present as In 
iy gating g y Pp 

} static casting. Even centrifugal force cannot force liquid metal through frozen 


metal to feed a shrinking heavy section. The principles of design to produce 
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sound semi-centrifugal castings have been treated adequately by Wright and 
Caine’®. 

992. In true centrifugal casting, internal shrinkage cavities do not normally 
occur. Freezing begins at the outside surface of the casting next to the mold 
wall and progresses inward to the inner surface, which should be the last to 











Fic, 9—Rapra Encine Cytinper Barret Castino, Lert—As-Cast. Cenrer—Rovon MACHINED. 
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Fic, 11—Microstrucrures or Mepium Carson Stee: Cast CEentrirucatty 1n a Metar Mow. 
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Fico. 12—Microstrucrures of METAL-Mowp, CENTRIFUGALLY-Cast, AtLoy Sree. Torp—As-Cast. 
Borrom—NorMALizep AND TemMperED. ErcHep, Maonirication X100. 
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Frio. 13—Same as Fic. 12, Om QuencHep Anp TEMPERED. 


Table 1 


ResuLts oF TEstTs ON STANDARD 0.505-IN. DIAMETER TENSILE TEsT SPECI- 
MENS FROM HEAT-TREATED CENTRIFUGAL CasTINGs, METAL FoR WHICH 
Was PREPARED WITH AND WITHOUT ALUMINUM DEOXIDATION 


Aluminum Added for 





Heat Deoxidation, —_—_——_—_____——————- Composition, Per Cent 

No. Per Cent 6 Mn 4 Ss Si Cr Mo Al* 
11457 None 0.43 O83 0.028 0.032 041 0.90 0.18 0.01 
11486 None 0.39 60.81 0.025 0.033 0.34 0.97 0.17 0.01 
11461 0.125 0.43 0.92 0.024 0.033 049 0.95 0.19 0.029 
11480 0.125 0.41 0.98 0.027 0.029 0.50 0.98 0.20 0.067 
11500 0.125 0.40 0.94 0.023 0.031 0.29 0.98 0.18 0.093 


MECHANICAL PROPERTIES 





— —— Mechanical Properties 





Tensile Yield Reduction 

Heat Special Tempering Strength, Strength, Elongation, of Area, 

No, Deoxidation Temp., °/F psi. psi. Per Cent Per Cent 
11457 None 900 179,500 166,200 11.5 34.8 
11486 None 900 175,200 167,200 11.5 32.5 
11461 Aluminum 900 184,000 174,000 3.6 9.5 
11480 Aluminum 900 174,900 164,900 6.8 13.5 
11500 Aluminum 900 178,000 166,000 4.5 12.0 


*Total residual aluminum by spectrograph. 
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freeze. This gives true directional solidification, with consequent soundness 
and uniform properties. The directional freezing is accentuated by metal 
molds which remove heat more rapidly from the outside of the castings. 

93. Most physical tests of cast steel are made on specimens machined 
from a keel block coupon‘ which is a perfectly fed test bar with truly con- 
trolled directional solidification. Test specimens machined from the wall of 
true centrifugal cylinders generally show physical properties which are equal 
to those obtained from the test bar under optimum conditions. 

24. Structures found in centrifugally cast steel are not essentially different 
from those in any sound, well-fed steel casting. Figure 10 shows the as-cast 
and annealed structures of a 16-ft. long thick-walled, sand-mold, true, centrif- 
ual casting. Figure 11 shows similar structures from a metal-mold, true, 
centrifugal casting. The metal mold casting has a finer as-cast grain structure. 


QuaLity CONSIDERATIONS 


25. There is little tendency toward pinhole porosity in true centrifugal 
astings. In most static sand castings, the formation of pinholes can be posi- 
tively prevented only by the use of a powerful final deoxidizer, usually 
aluminum. True centrifugal castings in metal molds, in dry sand molds, or 
even in skin dried green sand molds are made free of pinholes without special 
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deoxidation of the acid electric steel. This allows a latitude of deoxidation 
practice not commonly obtained. 


26. It long has been recognized that aluminum deoxidation of acid stee| 
tends to impair the ductility. Sims and Dahle* found that a small critica) 
amount of aluminum was worse than a larger amount. 


27. The loss of ductility by aluminum treatment is not of great significance 
in low or medium tensile strength ranges. As tensile strength is increased, the 
effect becomes more pronounced. 


28. Opportunity to evaluate this effect statistically was afforded by thy 
routine testing of some cylindrical parts for aircraft landing gear service. 
These parts are cast by the metal-mold, true, centrifugal process of alloy 
(4140) steel and are heat treated by normalizing, oil quenching, and temper- 
ing. Tensile tests are made for each heat and each test specimen is machined 
from the wall of an actual centrifugal casting. The required tensile strength 
varies from 150,000 psi. for some parts to 170,000 psi. minimum tensile 
strength for others. Figures 12 and 13 show typical microstructures of these 
castings in three conditions. 


29. These heats normally are cast without any special deoxidation, other 
than that afforded by silicon and manganese. A few heats were made where 
most of the steel was to be poured in static green sand molds, and to these 
heats 21 Ib. per ton of aluminum was added at the tap. Table 1 shows typical 
comparative tests on standard 0.505-in. tensile test specimens from the heat- 
treated centrifugal castings with and without aluminum. 

30. It is apparent from these examples that the steel with no special 
deoxidation is capable of giving quite satisfactory properties and that the 
aluminum addition seriously affects the ductility of the steel. 


31. Figures 14 and 15 indicate that the cause of this effect is the inclusion 
type. It is interesting to note that the heat with higher residual aluminum has 
a somewhat less deleterious type of inclusion and a slightly higher ductility 
than the heat with lower residual aluminum. 


32. Figure 16 shows tensile strength plotted against elongation for a 
number of heats. The tests plotted constitute all tests made on this steel over 
a consecutive period, including heats prior to and subesequent to the heats 
which were aluminum killed. Each point represents a single test and all 
tests, good or bad, are included. There are a number of variables which can 
cause a single test to show low ductility, but a high ductility test can only 
occur when all factors are correctly controlled. It is notable that none of the 
aluminum treated heats showed really superior ductility. 


33. The above data is illustrative of but one of the numerous factors 
which affect the properties of cast steel. While the proper use of centrifugal 
methods helps to minimize many of the variables in steel casting, there are 
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always other factors which must be controlled carefully to obtain optimum 

properties. In many instances, steel parts can be produced by centrifugal 

casting methods which are physically equal, when tested in all directions, 

to steel parts formed by any other commercial method. 
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DISCUSSION 


Presiding: Dr. A. E. Scuun, U. S. Pipe & Foundry Co., Burlington, N. J. 
Co-Chairman: J. B. Carne, Sawbrook Stee] Castings Co., Lockland, Ohio. 


H. H. Jounson’: I am especially interested in the nomographic chart (Fig. 4) tha 
Mr. Donoho presented. The relation of the speed to use with the centrifugal force of, 
say, 60 times gravity has introduced an idea that is new to us. How general is the 
application of that formula? In terms of spinning a car wheel weighing 500 Ib. or more. 
with an outside diameter of 25 to 33 in. down to a bore of 6 in., perfectly solid all the 
way through, how would we calculate the centrifugal force required to give us the best 
speed? In other words, would the 60 times gravity factor be the speed which we would 
use for that kind of a job? 


We quite agree that slipping, if the speed is too slow, is of importance. It has also 
been our finding that in casting against a metal mold, a slow speed will cause pitting of 
the surface of the casting. 


We also feel that the spinning speed is of importance in determining the amount of 
chemical segregation. Mr. Donoho did not touch on that point. Does he have any 
ideas as to the relation between the spinning speed and segregation? 


We noted with a great deal of interest the comments on the effect of aluminum on the 
physical properties of steels that have been centrifugally cast. We produced some heats, 
on a purely experimental basis, to which we added an aluminum that gave us poor 
sulphides. In our investigation we cross-sectioned some samples and gave them a deep 
acid etch, and we found that we had a condition of fissuring or hair-line cracks all the 
way through. We ascribed the condition to the aluminum, which had given us a weak- 
ened steel with the centrifugal pressure on top of that. We feel as Mr. Donoho does, 
that one of the chief merits of centrifugal casting is that we do not have to add aluminum 
or any deoxidizer, provided that the steel is well made, to get the best physical properties. 


Mr. Donono: The 75 times gravity speed, which has been used for years for cast 
iron pipe, was developed more or less empirically, and has been found to be a “favor- 
able” speed. In 1922, Cammen* published a formula for calculating 75 g. 

As to the 60 times gravity speed, it was also found empirically that metal molds will 
pick up the metal more readily than a sand mold, as Mr. Carrington also pointed out, 
and I believe that Nathan Janco** has advocated the figure of 60 times gravity as a 
useful value for metal mold horizontal centrifugal casting. Certainly, there is a favorable 
range of spinning speeds, and it would seem logical that the centrifugal force would 
govern where that range would fall. As for the car wheel casting mentioned, I should 
think that would, at least, be the best thing to try first. 


As for the question about speeds and segregation, I do not believe that we have tried 
a sufficient number of speed variations to say that there would be more segregation with 
higher speed, or not. The pouring temperature probably would have a greater effect 
upon segregation than would spinning speed. If we have a very hot metal and allow it 
to freeze quite slowly, there is the maximum amount of segregation. 

The comments on the effect of aluminum were quite interesting. I was a little hesitant 
about showing that. Some people, possibly, know how to add aluminum better than we 
do, and some people apparently can add aluminum to steel without hurting the proper- 
ties seriously, but I merely showed that we did add it and what we got, and that is as 
far as I can go. 





41 National Malleable & Steel Castings Co., Sharon, Pa. 
*Cammen, Leon, “Centrifugal Casting,’’ Transactions, A.S.M.E., vol. 44, p. 284 (1922). 


**Centrifugal Casting Machine Co., Tulsa, Okla. 
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CuairMAN ScuHun: On the matter of aluminum versus no aluminum, I would like 
to mention that our experience has been parallel to that of Mr. Donoho. 


Co-CHAmRMAN CAINE: There is one point regarding aluminum versus no aluminum. 
It has been shown by a number of men, including Mr. Donoho, for both centrifugal and 
static practice, that silicon-killed steels will show better properties in the tension test 
than when we add aluminum. However, that does not seem to be true when 
we go into what are probably more important, the so-called “impact tests” that measure 
resistance to notch sensitivity. In this case, aluminum-killed steels, at least from the 
work of Sims and Dahle*, are definitely superior, and there are again indications that 
the so-called impact test can be correlated much better with the behavior of the casting 
in service than can the ordinary tension test. This point is mentioned because it may 
become important. 

There is another point. Some of us who cast steel statically believe that we know how 
to add aluminum and obtain good properties, both impact and tension. When we get 
these high-strength steels that Mr. Donoho is talking about, 180,000-lb. steels cast centrif- 
ugally, it may be that there are different types of inclusions present than are found in the 
same steel cast statically, or with a soft steel cast centrifugally. 


There is one other point in regard to centrifugal castings, especially centrifugal cast- 
ings poured in sand. It has nothing to do with the metal ‘but it is extremely important, 
and is the action of the steel against the sand. The amount of heat penetration into the 
sand when we spin a job is much greater than when we cast the same job statically, and 
there has been considerable trouble with adhering sand, which invariably shows up on 
inner surfaces and inside corners, not on the outer surfaces. We would expect it to 
occur where the centrifugal force is greatest, but it seems that it never does. If we 
cast a gear, for instance, it occurs around the center hub. It probably is due to tur- 
bulence, and can be eliminated. It is simply a matter of sand voids. We are simply 
accentuating mechanical penetration when we spin a casting, and get turbulence due to 
the spinning action. 


MemBerR: What is the machining allowance for the outside and inside diameters of 
cast iron cylinder liners 8- or 10-in. diameter and one-inch finished wall thickness, cast 
centrifugally in metal molds? 


F. G. Carrincton*®: That type of sleeve is made in England and Germany a good 
deal, and they allow about 3/32-in. finish on each surface. That would be about 
3/16-in. on the diameter for the bore and 3/16-in. on the diameter for turning. 


M. J. Grecory®: We cast about 15,000 liners a week, and we tried centrifugal cast- 
ing with 3/32-in. finish, and it was a question as to whether the dross would get out. 
We discontinued the centrifugal casting and went to the horizontal sand casting. The 
3/32-in. finish allowance is rather small, in my opinion. What is the inside machining 
allowance on the airplane engine cylinger that Mr. Donoho is making? 


Mr. Donono: The amount of metal that we have to take out is %4-in. to the side 
on the inside, and we have gone a little higher than that, but %4-in. is the normal figure. 
The cylinder barrel has to be absolutely perfect on the inside when it is finished, and it 
is a steel casting. In gray iron we might do a little better. 


When cylinder liners or centrifugal castings of that sort are to be sold, they should 
be, if at all possible, rough machined at the foundry. Then the foundryman can deter- 


*Sims, C. E., and Dahle, F. B., ‘‘Comparative Quality of Converter Cast Steel,’’ Proceeninas, 
AS.T.M., vol. 42, pp. 532-555 (1942). 

*Lynchburg Foundry Co., Lynchburg, Va 

* Caterpillar Tractor Co., Peoria, Il 
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mine how much stock he has to take out and how much he has to put on and work jt 
out in his own shop, instead of shipping rough castings and then hoping they will clea, 
up satisfactorily. 

CHAIRMAN ScHuH: What was your experience on this greater clean-up? Was that 
in a sand-lined mold or a metal mold? 


Mr. Grecory: A dry sand mold. We found a %-in. finish allowance necessary, and 
I believe that to be the general practice. 

Mr. Carrincton: .The 3/32-in. finish that I mentioned was on sleeves cast in metal 
molds, and it was a very soft gray iron, very carefully skimmed before it was poured, 
and it was a type of metal that, if poured in an open sand casting, would give a ver 
smooth surface, with no slag on it at all, and those sleeves were made by the metal-mold 
process in England. The figure that I gave for the German casting was given to me 
by the man that makes them. 


CHAIRMAN ScHUH: In meétal-lined molds, our experience would corroborate your 
dimensions for cleaning up. 

H. G. Szamans‘: We cast a few thousand liners each week and in the smaller liners, 
5 and 6-in. inside diameter, 3/32-in. finish on the side is not uncommon. However, 
when we get into the 8, 9 and 10-in. inside diameter jobs, it generally goes up to 5/32 
in. on the side. 

Mr. Carne: As to these inside surface problems, we have been working with true 
centrifugals and probably have had the.same trouble as others on this matter of clean-up 
on the inside diameter. When we first start casting centrifugally, we are going to leave 
Y-in. finish on the side. That does not mean that, when we have had some experience, 
we will always have to have a ¥-in. finish. There is much work to be done on 
this matter of directional solidification, especially on the larger diameters. We desperately 
need now an insulating material that will prevent skin formation in the bores. This 
formation of a solid film of metal on the inside diameter before the section has solidified 
probably is the main reason now for excessive finish. When something is developed that 
will insulate the bore, we can protect this metal and have true directional solidification 
from the outside diameter to the inside diameter, then it will be simply a matter of 
accuracy in weighing the metal going into the mold, and I believe that the 3/32-in. 
finish then will be sufficient. 

Mr. Grecory: There is a precaution to be observed when we get down to these 
scant finishes, and that is when we heat treat these castings by the reduction hardening 
method, especially when there is a microscopic examination by an inspection department. 

CHamRMAN ScuuH: We have had a demonstration of the fact that these later efforts 
in centrifugal casting have jumped from infancy almost to maturity. Wonderful work 
has been done, but much more work is needed. Some of the discussion today indicated 
the sort of work that is needed. 





* Campbell, Wyant & Cannon Foundry Co., Muskegon, Mich. 
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Spinning Speeds of Centrifugal Casting Machines 


By F. G. Carrincton*, LyNcHBURG, VA. 


Abstract 


The spinning speed, or revolutions per unit time, for a centrifugal 
mold is determined by a number of factors. These factors are; the 
direct effect of centrifugal force together with the force of gravity, 
the shape of the casting, details of machine design, and metallurgical 
characteristics. The fundamental differences of all these factors pre- 
vent their combined effects being determined except by experiment. 
Consequently, it has been necssary for the foundryman to try casting 
at various spinning speeds before arriving at the speed range best suited 
to his conditions. The approximate spinning speed at which the ma- 
chine will operate should be known when it is being designed. Much 
data has been published on the spinning speeds used for castings, but 
to correlate such data, all the factors determining the speed must be 
taken into consideration. The purpose of this paper is to enumerate 
these factors and their individual effects. As casting conditions vary 
so much with the type of metals used, it may clarify the statements 
made to add that they are based largely on experience in casting fer- 
rous metals. 


PuRPOSES OF SPINNING MOLDs 


1. Centrifugal casting machines are used to give a number of entirely 
different results, depending on the castings being made. The benefits to 
structure might be the chief reason for making one casting in this way, the 
elimination of the central core might be the deciding factor for another, and 
the use of a permanent mold might be of major importance for a third. 
But all of these reasons for centrifugal casting will, in some way, be related 
to results more easily produced with the combined action of centrifugal force 
and gravity than under the action of gravity alone in a still mold. 

2. The action of the centrifugal force alone is as if the metal were being 
pushed away radially from the axis of rotation, regardless of whether the axis 
is horizontal, vertical, or sloping. The magnitude of the force is dependent 
on the weight of the body, the radius of its. rotary movement and its spinning 
speed. In centrifugal casting, the weight and radius of rotation are determined 


*Lynchburg Foundry Co. 


Nore: This paper was presented at a Centrifugal Casting S jum Session of the 48th Annual 
Meeting, American oundrymen’s Association, Buffalo, N. Y., pri 28. 1944, " 
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by the casting dimensions, leaving spinning speed as the only variable for the 
action of centrifugal force. As the force of gravity acts with a constant magni- 
tude and in a vertical direction, any change in the combined action of these 
two forces must come through changing either the angle of the spinning axis 
to the horizontal or through changing the spinning speed. 

3. The position of the spinning axis in casting machines usually is chosen 
to fit in with the type of casting being made. If the axis angle is kept constant 
during the casting operation, the spinning speed can be used to control the 
effects given to the metal by the combined forces. 


Spinning Speed 


4. Examining separately the results obtained by the use of centrifugal 
casting machines, it is found that most of these are not related to any particular 
spinning speed beyond a certain minimum. The use of permanent molds is 
facilitated, for instance, by the fact that the metal can be poured through the 
central cavity, and nothing is gained specifically in the use of such molds by 
increasing the spinning speed over that required for holding the metal in place. 
The metal structures obtained through the cooling effect of such molds and 
the elimination of the core are equally independent of the spinning speed used. 
For such results, the only reasons for spinning the mold are simply to cause 
the metal to flow into place and to remain there until solid. 


Rate of Flow 


5. The rate of flow, either upward in a vertical or sloping mold or longi- 
tudinal in a horizontal mold, can be speeded with an increase of centrifugal 
force acting on the metal. This becomes effective as the metal receives its 
rotary motion. So, the spinning speed requirements for the foregoing type 
of results are determined by the factors governing the rate of acceleration 
after the metal strikes the mold, the time interval during which solidification 
will not arrest the longitudinal flow, and the centrifugal force needed to hold 
the metal against the mold after it has flowed into place. 

6. The holding of the metal in place and the shaping of the cavity are 
affected directly by the spinning speed and the spinning axis position. In 
horizontal molds, the cavity will be cylindrical, and there is a definite spinning 
speed for each cavity radius below which the centrifugal force can not prevent 
the metal falling as it spins through its upper arc. This establishes a minimum 
spinning speed to which the metal forming the inner surface must be acceler- 
ated. With this spinning speed for the surface, the metal will be held in place 
and the mold spinning speed must be adjusted to give this acceleration. 


Mold Cavity 


7. In sloping or vertical molds, the resultant from centrifugal force and 
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gravity is downward as well as radial and, following natural laws, the cavity 


section will be the shape of a parabola if the bottom end of the casting is 
wlid. If the cavity extends through the casting, the shape of its section will 
be that of a length cut from a parabola with the radius length decreasing 
progressively from the top to the bottom. 

g. As the spinning speed is increased, and for a given radius at the top, 
the cavity will extend deeper into the casting or, when the cavity extends 
entirely through the casting, the bottom radius length will become nearer that 
at the top. For the latter, the casting specifications usually limit the decrease 
in cavity radius from top to bottom, but no objection is made to this difference 
in radius length becoming smaller. Consequently, there is a minimum spin- 
ning speed for these castings, below which the bottom radius will be too short 
and above which the casting will be acceptable. As with che horizontal mold, 
the minimum speed to be considered for the cavity is not affected by the out- 
side dimensions of the casting or the weight of the metal being cast. 

9, Another effect of centrifugal force directly related to the spinning speed 
is the elimination of slag and gasses. But as this usually is carried to comple- 
tion at the speed fixed by other considerations, it can be considered automatic 
in most cases. 


FORMULAS FOR SPINNING SPEEDS AND PRESSURE 


10. The mold spinning speed used in the casting operation will be at least 
the minimum speed for the cavity dimensions and often a speed much higher 
to give the required rates of acceleration and flow along the mold wall. Con- 
sidering first the minimum speed for the cavity surface, this can be calculated 
with formulas that have been given before in discussions of centrifugal cast- 
ings, and similar formulas throw further light on points of practical interest 
in machine design and operation. 

11. Figure 1 shows the formulas applying to the following conditions: 
Minimum spinning speed for cavity surface. 
Influence of the sloped angle on cavity shape and spinning speed. 
Cavity dimensions and volume for vertical and sloping molds.. 
Pressure on the mold end. 
Radial pressure on the mold surface. 
Bursting stress in the mold wall. 
Pressure gradient across the metal section. 

12. The units used are lb., revolutions per minute, slope in degree from the 
horizontal, and in. for casting dimensions. In the formula for pressure, the 
action of gravity is disregarded as this usually is negligible in comparison to 
that caused by centrifugal forces. These pressures are determined by the 
radii, the spinning speed, and the weight per cu. in. of the metal; and are the 
same regardless of the slope angle of the axis. 

13. The general formula from which these are derived is one showing 
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the result of centrifugal force acting on liquids. Consequently, the figures 
obtained will be true only when the metal remains liquid long enough for the 
centrifugal force to give its complete effect. The cavity, for instance, can not 
take its shape .f the metal begins to solidify before it has finished flowing along 
the mold wall. In the same way, formulas for the pressure on the mold wall 
and end assume the entire metal mass to be liquid and, if solidification begins 
before all the metal is poured, at least part of the calculated pressure will be 
resisted by the solidified metal shell. But, in spite of such errors, the calcula- 
tions have value for machine design in showing the lowest spinning speed 
which need be considered and maximum pressure for which the mold must 
be reinforced. 

14. As an example of the use of the formula, the calculations for a casting 
with the dimensions shown in Fig. 2 are as follows: The cavity length is 
15 in. and the top radius 2 in. and the minimum bottom radius 1% in. If 
cast vertically, the minimum spinning speed is 


i | L = ‘a - pas 
N = 263.4 55 4 V4— sae 
15. This spinning speed in itself would not be prohibitive, but the pressure 


on the mold will be high where the 8-in. diameter collar is being formed. 


= 1472 rpm. 
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Also, if a quick freezing metal like steel is being cast, a spinning speed 25 

ver cent over the minimum may be required to insure a sufficiently rapid flow 

up the mold wall. For such metal, a 30-degree slope might be available, 
which would give a minimum spinning speed of 

LSinA © , I5SxX 5 

N = 263.4 4) = — 205.4 ——.— = 1004 rpm. 

NV Rr — Rs? \ 4—3516 P 

16. Again, using a 25 per cent increase over the minimum, or 1250 rpm. 

.s the estimated casting speed, the calculations are: 


1) Bottom Radius 





7 — 70383 LSinA~ 383 X15 XS 
\ = — , — eee a 1 SOR ie. 
2) Pressure on Upper End 
- Ro”)? N*Wt 16 1)? X 1250* X .2 
(5204 45204 
Radial Pressure on Mold Wall at 8-in. Colla 


Rw Ro?) N?Wt (16 
70383 ; be 


= 1300 lb. 


75.4 psi. 


Pressure Gradient in Metal Sectio 


in. 
/y in. 


zero psi. when 

‘ - 49 : . I 

4) X 12502 x 2g «(14-2 psi. when y 
70383 3 i 
WSS = 32 in. 
= in. 


52.1 psi. when 
75.4 psi. when 


xX 
4 
- 31.5 psi. when X = £ in. 
xX 
= 


9) Bursting Stress on Mold at 8-in. Collar, 1Y2-in. Long 


R,?) N*Wt- - 4 (16 — 4) X 12 a , 
note -=- < — 101.6 Ib. per in. of 
ae , Mold Length 

301.6 X 1% = 452.4 lb. 


From these figures, the cavity theoretically will have the dimensions 
hown while the metal is liquid. All of the dimensions will be then changed 
omewhat in the casting because of the shrinkage in the solid state, but if the 
proportionate difference between the top and bottom radii is greater than 
that calculated, it would indicate that solidification is beginning before the 


etal has been completely distributed and the spinning speed is too low. 


.T , 
Transfe } 


[he transfer of heat from the liquid mass will take place largely 
hrough the end and side-wall surfaces, which causes the central inner zone 
1° a Cc . 7. . - . . . . 
solidify after the solidification of the exterior shell. Radial shrinkage in 
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that zone is more evident in decreasing the wall thickness than in decreasing 
the cavity diameter so, when the casting is cold, the cavity radius in the 
central zone may be greater in proportion to the top radius than calculations 
indicate. This is purely a shrinkage phenomenon unrelated to spinning speed 


19. The pressure of 1300 lb. on the mold end and the bursting stress o! 
452.4 Ib. at the collar indicate the mold strength and reinforcement which 
must be provided. A convenient way of pouring such a mold is to guide the 
metal with a trough against the lower end. The conical cavity forming this 
end serves to change gradually the direction of the flow from the trough to 
the mold wall, and gives less cutting action on the mold wall than would occur 
with the metal thrown radially against the wall of a flat-bottom mold. In 
connection with mold design, the metal filling the shoulder will flow over the 
lower corner (Fig. 2—Z) at a very high rate of velocity. 


20. The transfer of heat, or metal cooling and mold heating, increases 
with the velocity between the surfaces and would result in chilling the metal 
as well as locally overheating the mold at this point. This effect is lessened 
somewhat by rounding corners where flow takes place, with a radius as large 
as is permissible. Another point in mold design is that, due to the high 
pressure, the metal will form fins in extremely thin crevices such as occur a! 
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the joints between molds and detachable covers. With such metal as cast iron, 
the fin will solidify and crack radially from shrinkage and, if the fin leads 
into a corner, the shrinkage on the fin will continue the crack into the ee 
body. This can be prevented by recessing the cover so that the joint leads 
into the side wall rather than the corner. 

9}, A chart of the pressure gradient across the mold wall sometimes is 
useful if segregation is being studied. 

29. The comments in this paper are directed chiefly to the more common 
ype of centrifugal casting, which has a central cavity and a spinning axis 
passing through the mold. Another type of casting is made with the spinning 
axis passing through a central pouring column which feeds the molds around 
it through radial gates. The purpose of spinning such molds is to force feed 
the castings. The pressure giving this result is the head of metal in the 
column plus the radial pressure from centrifugal force at points measured 
from the spinning axis, and these can be calculated with the pressure gradient 
formula by giving the inside radius “R” the value of zero. 


Factors DETERMINING THE SPINNING SPEED FOR ACCELERATION AND FLOW 


23. The spinning speed used in casting usually is fairly close to the calcu- 
lated minimum speed for the cavity with vertical or steeply inclined molds, 
but with horizontal or slightly inclined molds, a wide difference will be found 
between the casting and the minimum speeds. This is due to the fact that, in 
the molds with the flatter spinning axes, the metal is delivered against the 
mold circumference and, while the metal striking the mold surface during 
the first revolution will be entrained by mold surface friction, all the succeed- 
ing metal will be accelerated by reason of the velocity of the liquid surface 
already spinning and the viscosity of the metal itself. This creates an appre- 
cable slippage in the liquid strata between the mold and the interior surface 
which must be compensated for by increasing the mold speed. 

24. In addition to speeding up the mold surface for slippage, the accelera- 
ton to the minimum speed must take place while traveling between the point 
of pouring and the center of the upper arc. The time for this becomes 
shorter as the speed is increased for a shorter radius. The combination of 
lippage and shortening of time for acceleration gives a constantly increasing 
ratio of the casting speed to the calculated minimum as the radius is reduced. 


Flow in Vertical and Inclined Molds 

25. In vertical or steeply inclined machines, the metal is delivered against 
the bottom of the mold and begins to move towards the mold circumference 
4 soon as it begins to rotate. This prevents an increasing depth on the mold 
bottom as pouring is continued, and the sheet of metal is accelerated as it 
moves from the center to the mold wall. Besides giving much less slippage, 
the acceleration may be through the full circle or continued progressively for 
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several revolutions, instead of being limited to an arc as in the flat machines. 
From these differences, the factors affecting the rate of acceleration as com. 
pared to the minimum spinning speed are of considerable importance fo 
the molds poured against the side wall and of little importance when pouring 
against the mold bottom. 

26. The rate of longitudinal flow along the mold wall also may require 
a higher mold spinning speed than is calculated as the minimum for the cavity 
The conditions affecting this are very similar to those governing the pouring 
of a flat plate in an open sand mold. A plate of very short length would be 
poured easily with any metal or mold material but, as it became longer or 
cooling began to cause the front edge of the metal to solidify before the mold 
was filled, faster pouring or hotter metal would be required. 

27. In centrifugal casting, the pouring rate is limited by the amount of 
metal that can be accelerated continuously, and the pouring temperature has 
upper limits to meet other conditions. So, higher spinning speeds are some- 
times required to hasten the flaw. This is true both for molds poured against 
the side wall and for molds poured against the end, but the relationship of 
spinning speed to rate of flow is somewhat different, depending on whether 
the mold position requires pouring on the bottom or on the side wall. Because 
of the difference produced by the two areas of pouring, the factors determining 
the casting speed are considered separately for each. 


METHODS OF POURING 
Spout 


28. The extremes of pouring methods for horizontal molds are illustrated 
in Figs. 3 and 4. In the first, the metal is poured through a spout in a short, 
thick stream and strikes in one end of the mold at the low point of its circum- 
ference. This creates a short, thick strata as the metal is first swept from 
under the stream, and a high degree of slippage because of the thickness 
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through which the acceleration must take place. The metal also must flow 
the full length of the mold, and this may further increase requirements for 
sinning speed if the tendency toward solidification is marked. 


Trough 


29. The trough shown in Fig. 4 contains the metal charge and is rotated 
to pour a long, thin stream against the downward moving side of the mold. 
As compared to the pouring method of Fig. 3, the stream is nearly the length 
of the mold and little longitudinal flow is required, the thinly applied metal 
is more easily accelerated, and the arc for acceleration is lengthened by the 
position at which the metal strikes the mold. 

30. All of these factors would reduce the requirements for spinning speed, 
but the use of a trough of this kind is limited to slow freezing metals and to 
castings with cavities large enough to receive the trough. Its advantages are 
obtained partially by directing the stream through a spout towards the down- 
ward moving wall, or by using a small diameter trough which is fed from a 
metal container outside the mold as it is rotated. 

31. Vertical molds usually are poured directly from a ladle through a 
hole in the top, and sloping molds can be poured in the same way until the 
lope is so flattened that the stream impinges on the side wall. This would 
create conditions for acceleration similar to those with the spout poured 
horizonal mold, and a trough is required to direct the metal against the 
bottom. The flattening of the slope angle is accompanied by reductions in 
minimum spinning speed, and this can be continued until the stream from 
the trough will fall to the mold wall. This again gives the conditions for 
acceleration of a horizontal mold. 

2. Accelerating the spinning speed during pouring is sometimes employed. 
This may be done by pouring the metal into a still, or slowly revolving, mold 
and then bringing the mold to the casting speed before solidification begins. 
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HINES 


This eliminates the cutting action and splashing of the metal when it firs 
strikes the rapidly moving surface. To a lesser degree, the same results are 
obtained by starting the pouring with a speed based on the outer radius of the 
casting and increasing the speed as the cavity becomes smaller. 

33. Progressive distribution of the metal, as in pipe machines, is another 
method of forming long, cylindrical cavities, but the complicated apparatus 
for synchronizing the trough movement with the rate of pouring prevents its 
general application. 


PourRING RATE 


34. The rate at which the metal is poured governs somewhat the thickness 
of the metal being accelerated, and thus the increase in spinning speed to 
compensate for slippage. A faster pouring rate increases the rate of flow 
along the mold, though, so the results of a higher pouring rate are to increase 
the spinning speed needed for metal distribution. Increases in pouring rate 
over the lowest which gives a sufficient rate of longitudinal flow are much 
more noticeable with horizontal molds than with sloping and vertical molds, 


METALLURGICAL CHARACTERISTICS 


35. The metallurgical characteristics affecting spinning speed are the 
quickness of solidification or “life” of the metal and the temperature above 
the freezing point. To avoid cold shuts, the metal must be spread over the entire 
mold length in one continuous flow, similar to the flow across an open sand 
mold, and with quickly solidifying metals, either because of lack of “life” or 
of low temperature, the pouring rate and spinning speed must be increased 
correspondingly. 

36. When longitudinal flow is not a problem, metals that solidify quickly 
may begin to do so while the casting is being poured. This solidifying lessens 
the thickness of liquid metal through which slippage can take place and the 
excess speed for acceleration can be reduced. A dull white cast iron, for 
instance, when poured so that no flow is required, would need about 15 per 
cent less speed than a hot gray iron similarly poured. From these conflicting 
results, quick freezing metals would require higher speeds in long vertical 
molds or in horizontal molds poured with a jet, but would require less speed 
if the vertical mold is short or if the horizontal machine is poured in a sheet 
requiring little flow. 


Mo .ps 


37. The conductivity and temperature of the mold can speed or retard 
solidification. Their effect on spinning speed is very similar to that of the 
“life” and the temperature of the metal. With cold, high conductivity molds, 
the requirements for excess speed are increased if longitudinal flow is the 
determining factor, and decreased if the factor of accelertaion is the more 
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important. The surface of the mold must entrain the first metal poured 


wainst it, and should not be polished to an extent permitting it to slip under 


the metal. 
CastTInGc DIMENSIONS 


8. The casting thickness has no effect on calculations for minimum 
spinning speed. Very thin castings require a rapid longitudinal flow to spread 
the thin sheet of metal over the mold surface before it freezes, and a higher 
speed would be required than for thicker castings. For accelerating the metal, 
the slippage would be more pronounced with a deeper layer of molten metal 
and the mold spinning speed would be higher. 

39. The length of the casting increases the time required for longitudinal 
fow, and a smaller cavity radius not only increases the mniimum spinning 
speed but also shortens the arc length in which the acceleration must take 
olace. As a result, the speed required above the minimum must be greater 
for longer castings if quickly solidifying metal is used, and the ratio of casting 
speed to the minimum must be increased as the cavity radius becomes smaller. 


MACHINE CONSTRUCTION 


40. The effects of the spinning axis position on minimum spinning speeds 
and the factors controlling the acceleraiton and distribution of the metal have 
been discussed. In designing the machine, consideration must be given to 
such details as the removal of the castings and whether pouring from a ladle 
into a high speed vertical machine compensates for the difficulties with spouts 
and troughs on horizontal machines. 

41. The design of the trough or spout also must depend on the fluidity of 
the metal and the diameter of the cavity, as well as the stream shape when 
it strikes the mold. So, the design of the machine can be changed to give 
lower spinning speed only when general operating conditions permit. 

42. Regardless of the other details, vibration will increase materially the 
spinning speed required for accelerating the metal. This is due to the metal 
being entrained by surface contact, and, if this contact is made intermittent 
by vibration, the accelerating force can not be smoothly applied. This is 
evident especially in horizontal machines if the spinning speed enters the 
vibration range of the machine. Then, increasing the spinning speed also will 
increase the vibration, and the metal may continue to fall as it passes through 
the upper arc in spite of the increased speed. Vibration has a much greater 
effect in horizontal machines than in vertical machines, due to the greater 
relative importance of acceleration. 


SEGREGATION 


49 
+), 


Variations in analysis occur across the wall of centrifugal castings, some 
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of which is due to separation, by centrifugal force, of constituents with densitie: 
different from that of the metal mass. This would account for the eliminatioy 
of slag and gasses from the metal, or the higher than average content of 
graphite and manganese sulphide on the inner surface of iron castings. The 
same is true for the segregation that has been reported in alloys, such as lead 
and copper or copper and tin. 

44. Other variations in analysis come from progressive solidification from 
the outer to the inner surface, produced by a condition similar to that causing 
analysis variations from the outside to the center of an ingot. 

45. These analysis variations can be expected in centrifugal castings, but 
examination of a number of gray iron castings showed that the variation: 
were the same at the high and low limits of spinning speed practical for th: 
casting being made, and that the variation in analysis was never, in itsel{ 


sufficient to indicate a variation in physical properties. 


CastInG DEFEects Dur To HicH SPINNING SPEEDS 


16. The mold wall surface, under all conditions, will be traveling with a 
rather high velocity, usually ranging from 1000 to 2000 ft. per min. Th 
metal striking directly on the surface produces a marked cutting or erosiv 
action and, if mold surface is broken, casting defects will result. Another 
type of defect is caused by a vibrating or rough mold splashing the inflowing 
stream and throwing globules of metal on the uncovered mold surface. Thi 
tendency toward both of these defects is lessened as the spinning speed 
reduced. 

+7. A different type of defect associated with high spinning speed is the 
formation of cracks in the surface contacting the mold. In cast iron, thes 
cracks occur with the quick freezing high shrinkage analysis and with mold 
conditions causing rapid cooling. The exact cause of these cracks can not be 
shown clearly, but the standard remedy for them is to reduce the spinning 


speed about 5 per cent, which usually is effective. 


NUMERICAL VALUE OF FACTORS DETERMINING THE SPINNING SPEED 


18. The numerical values of the factors being considered are indicated in 
Fig. 5. This shows the spinning speeds of gray and white cast iron when 


spun in a horizontal mold with different methods of pouring. The wail 


thicknesses of the metal were from 1/32 to 3/16 in. thick per in. of diam tel 
and the casting temperatures were 2200 to 2500° F. 

19. The upper limit of the speed range (Fig. 5) is the spinning specc 
used for soft gray iron cast in sand molds and poured from a spout against 
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the bottom of the mold circumference. The next line is for the same m 


: . ‘ a ‘de } 

and mold, but the metal is directed against the downward moving side ane 
. nr . . . i. ie . the fastel 

the stream is elongated. The drop in spinning speed results from the fast 
acceleration with this stream shape. With the same metal and stream shi 
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but with a cast iron or steel mold at 400 to 800° F., average spinning speeds 
will drop to the next line. 

50. This drop comes from the more rapid cooling and hastening of solidi- 
fication so that only a portion of the wall thickness is liquid when the last 
metal is poured. This increases the acceleration through less depth of metal 
for slippage. Below this line is a zone for colder or less fluid metal, and then 
comes a zone for the quick freezing white cast iron with which the acceleration 
iseven more rapid. The pouring conditions and stream shape used for the 
white iron castings make the acceleration much more important for spinning 
speed than the longitudinal distribution of the metal, in spite of its rapid 
solidification. 

51. Steel seems to require about the same spinning speed as white cast 
iron for acceleration but, because of the high temperature and quickness with 
which it solidifies, increasing speeds are required to give longitudinal flow 
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as the mold length is increased. ‘The observations reported are based op 
experience with steel castings of 1/2 to one-in. thickness. 

52. Vertical or sloping molds poured against the mold bottom can be spun 
at the minimum rate with soft cast iron and sand molds due to slow solidif.- 
cation. Steel poured in a smoothly turning sand mold, about one ft. long. 
requires an increase of about 25 per cent over the minimum speed, and an 
additional 10 per cent or 15 per cent if the machine is vibrating badly. 

53. In practice, variations in operating conditions can be met by adjusting 
the pouring rate and spinning speeds for mean conditions. The moid con- 
ductivity, type of metal, machine construction, and casting dimensions wil] 
be constant during the heat, and the principal variables will be the differences 
in metal temperature and analysis that are normal in a foundry. 

54. While acceptable for casting quality, these normal changes in tempera. 
ture and analysis may be sufficient to cause irregular metal thickness due to 
insufficient speed, or the surface defects which come with too high a spin- 
ning rate. Such variation usually can be met by changing the pouring rate 
and the spinning speed within limits of plus or minus 10 per cent of the mean 


CONCLUSION 


55. As stated in the beginning, the comments that have been made ar 
based on observation while casting in iron and steel foundries. However, from 
published data, it would seem that the spinning speeds for other metals are 
influenced in the same way by the conditions affecting the rates at which they 
can be accelerated or be given longitudinal flow. 
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DISCUSSION 
Presiding: Dr. A. E. Scuun, U. S. Pipe & Foundry Co., Burlington, N. J. 
Co-Chairman: J. B. Carne, Sawbrook Steel Castings Co., Lockland, Ohio 


Erte J. HuBBARD’ (written discussion): The author should be complimented on the 
gne work presented in this paper. Because of our lack of experience and the scarcity 
of published information regarding details of centrifugal casting, we have had to experi- 
att over a period of months and discover for ourselves the proper spinning speeds, 
pouring rate, etc. 

We have been pouring a composition, calculated to produce a white cast iron, into 
horizontal spinning permanent molds. The outside diameter of the casting is 6/2 in. and 
the length 14 in. A calculated weight of metal is poured to give a casting wall thick- 
ness of 5-in. We do not have any trouble when pouring the metal into a mold spinning 
at about 980 rpm., using a hand pouring ladle with a spout attached, the whole ladle 
looking somewhat like a coal scuttle. The metal hits the spinning mold wall about 2 in 
from the end. Occasionally, we do get a few castings which show cold shut and accom- 
panying lapping at the opposite end of the mold. However, this does not appear to be 
wo serious as the removal of %-in. of metal on the diameter usually remedies this con- 
dition. 

We have had some difficulty in casting a cylinder 14 in. long, of the same outside 
diameter, but with a wall thickness of 1% in. A permanent mold is used in this case 
iso, and the metal introduced into the spinning mold in the same manner. Recently, 
we have encountered some longitudinal hot tears showing up on the outside of the cast- 
ng, and were wondering if the author could offer any suggestions. The material is 
induction furnace melted and usually is poured at a temperature of 2850 to 2900° F. 
Could this condition be adjusted by changing the spinning speeds during pouring or 
mmediately after the pouring had been completed? Does the author believe that this 
pouring temperature is too high? We try to maintain a mold temperature of 600 to 
700° F. before pouring. Would a change in this temperature affect any of the critical 


conditions ? 


We are very well satisfied with the results obtained so far in our experiments and 
research into centrifugal casting, and feel that this method of casting offers some 
advantages over normal static means. 


Mr. CarRINGTON (answer to Mr. Hubbard’s written discussion): Two types of 
longitudinal cracks have been observed by the author with casting conditions as 
described by Mr. Hubbard. With one type, rather short and shallow cracks occur in the 
pouring zone where the metal impinges on the mold, and these often can be eliminated 
by a reduction in spinning speed. The tendency for these cracks to form has also been 
lessened by changing the shape of the spout to give the metal stream a greater length 
along the mold axis. 


A second type of crack is longer and deeper than the first, sometimes extending the 
length of the casting. These cracks occur when the casting has longitudinal streaks of 
different color, and can be attributed to the mold becoming oval when heated by the 
metal. Contact with the casting then is maintained only on the short axis of the oval 
mold, and the cracks result from the stresses produced by non-concentric cooling. The 
remedy for this type of crack is complete stress relieving of the mold before final 
machining. 


It is assumed by the author that all cracks are caused directly by shrinkage stresses, 
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minating them are mechanical ways for pr 


stresses becoming localized. From this point of view, the cracking would in 


and the means suggested for el 


< 


z 


greater temperature differences across the section of metal being cast, so lowe: 


temperatures would be desirable. 


The thermal effect of the mold on cracking would depend on its heat absorptio, 


capacity, and this would be influenced by its mass as well as by its t 


mperatur 

Assuming the mold wall to be cast iron or steel and to be two to three times 
thickness of the casting being made, the mold temperature does not see xCessin 
CHAIRMAN SCHUH Mr. Carrington has brought out rather well in his paper that 


within the range of the spinning speeds conventionally used, it is the rate of freezing 


the metal which will primarily determine the amount of segregation of molecularly 
dispersed components; the slower the freezing the greater the possibility for segregatio: 
of such components. Gross visible impurities, which usually have an appreciably lowe 
specific gravity than the liquid metal, are swept to the zones of lower centrifugal pres 
sure. The higher the centrifugal force applied, the more effective is this cleansing actio 

It is highly desirable to arrive at a commonly accepted nomenclature with regard t 


the mathematical expressions used for defining the magnitude of the centrifugal { 


employed. At the present time, such expressions as “number of times gravity,” “per- 
ipheral mold speed” and “pressure against interior mold wall” are used. Of these, | 
have a definite preference for the latter. 

On the matter of preferred spinning speeds, espécially in the case of true centrifugal 
castings, mathematics can guide us only to a certain point. By necessity, we must assum 
that we are dealing with a constant-viscosity liquid. On the basis of this assumption, 
definite relationships between rotational speed, diameter of casting, wall thickness of 
casting, and specific gravity of the liquid exist. 

Actually, however, we are dealing with a liquid which is rapidly changing in viscosity 
over a wide range. It is this condition which lends so much importance to such practical 
factors as pouring rate, the frictional character of the mold surface, the degree of super- 
heat in the molten metal, and the speed with which heat is transferred from the molten 
metal to the mold. These latter factors do not as yet lend themselves to rigorous mathe- 
matical analysis. 





Precision Casting by the Investment Molding Process 


By Rospert NEIMAN*, LOUISVILLE, KENTUCKY 


Abstract 


The author shows how the precision casting process by the investment 


ethod fills a need for producing accurate castings of an intricate nature 


for War work. The historical basis is given briefly and developed more 


ully in its dental use which serves as t 


he basis for the precision casting 


process. The physical principles of compensating shrinkages and expan- 


ions are given along with the properties of pattern materials, invest- 


ments, and casting alloys. Detailed information is given for producing 


precision castings from the original blueprint stage to the final inspection 


und gaging. The principles involved are correlated with practice in the 


steps involving dies, wax patterns, investments, mold “burn-out,” and 


ting by both pressure and centrifugal methods. Data, apparatus 


lescriptions, and precision possible are given in graphical and illustrated 


r7n. 


UR country’s war production 
program has emphasized the 
need for a method of producing 
precision metal parts of intricate 
shape from alloys difficult to ma- 
chine. Such a method has been in 
use for several decades for the pro- 
duction of dental and medical ap- 
pliances and for some cast jewelry. 
It has been adapted successfully 
in the production of many vital air- 
craft and armament parts. This 
method is known as the “investment 
process” and involves the use of 
wax patterns. It also is known as 
the “lost wax” process (French cire 
perdu). 

The investment process is used in 
comparatively few plants to date, 
these being principally dental or 
jewelry manufacturers or their 
licensees. There is a wealth of liter- 
ature on the dental technique but 
practically none on the actual prin- 
ciples and technique of commercial 


investment casting. The purpose of 
this paper is to tell what the invest- 
ment process is, how it is carried 
out, and when, where, and why its 
use is indicated. 

Before beginning the detailed 
study of the physical principles of 
precision casting and their practical 
application, it is perhaps advisable 
to predict that this method will find 
its place in post-war time alongside 
the recognized metal forming and 
shaping operations, including sand 
casting, die casting, hot forming 
and forging, cold drawing, stamp- 
ing, and machining. 

Other important new methods 
include plaster casting and powder 
metallurgy. Each method has its 
advantages for certain applications. 
It is hoped that precision casting 
will be given an equal chance, 
through sponsored and continued 
research, by those concerns capable 
of doing so. 


*Director of Research, Whip-Mix Corp., Inc., Chemicast Div. 
Nore: This paper was presented at a Centrifugal Casting Symposium Session of the 48th Annual 
Meeting, American Foundrymen’s Association, Buffalo, N. Y., April 27, 1944. 
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HISTORICAL 
Dentistry 


Wax patterns were used in the 
production of artistic castings in the 
16th century by Benvenuto Cellini. 
Like other of his contemporaries, 
artistic countrymen such as Raphael 
and Stradivarius, he kept his method 
secret. The “lost wax” process, 
however, was rediscovered in 1897 
by a dentist, B. F. Philbrook of 
Iowa.’* Real recognition for dis- 
covery usually is given to W. H. 
Taggart.” 

Dr. Taggart gave emphasis to his 
invention by introducing a complete 
casting outfit and necessary ma- 
terials to the dental profession. Al- 
though materials and methods have 
been improved greatly and_per- 
fected, the original process is still 
essentially the same. 

The dentist must produce a single 
gold casting that will be an exact 
replica of the missing tooth struc- 
ture, his object is very small and 
irregular; he can not enlarge his 
wax pattern (by the shrink rule), 
yet his finished casting must be 
accurate to better than a_ thou- 
sandth of an inch. 


After the dentist prepares the wax 
pattern, the rest of the investment 
process can be carried out by a com- 
paratively inexperienced assistant. 
That such an accurate process can 
be so simple and comparatively fool- 
proof is a tribute to the constant 
research being carried out by den- 
tists, dental schools, the American 
Dental Association Research Fellow- 
ship at the Nation Bureau of Stand- 
ards, and the dental manufacturers. 





*Superior numbers refer to bibliography at 
the end of the paper. 
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Jewelry Manufacture 

It is little wonder that this jp. 
genious process should be adapted 
to a related art, the Casting of 
precious alloys for jewelry. The 
jeweler is not so demanding in 
dimensional accuracy but does re. 
quire intricate shapes with smooth 
surfaces and minute detail, with the 
further requirement of many similar 
castings from one master. 


War Production 


With the advent of this war. 
especially with the entrance of the 
United States, the dental and jew- 
elry industries had the opportunity 
of utilizing their science and art to 
help build the mighty “Arsenal of 
Democracy.” 

It has been demonstrated by the 
New York Jewelry Crafts Associa- 
tion* that the centrifugal casting of 
small ordnance and aircraft parts 
can be done with a resultant saving 
of large quantities of strategic ma- 
terials, thousands of man hours, and 
countless machine tools. Above all, 
it reduced tool-up time from months 
to a matter of days. 


Another example of a known use 
of the investment process by dental 
methods, is the casting of turbo- 
supercharger buckets from chromi- 
um-cobalt-tungsten alloys of the 
type used in dental and medical 
appliances. These alloys are ex- 
tremely corrosion resistant and have 
high hot strength, but are difficult 
to forge or machine. These are be- 
ing precision cast by several com- 
panies who utilize centrifugal as 
well as pressure casting methods.* ° 


The company with which the 
author is associated formed a divi- 
sion to produce precision cast ait- 
craft and armament parts by the 
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investment process, utilizing centrif- 


ygal as well as air pressure methods. 

“Typic al methods used by precision 
casting manufacturers will be used 
throughout this paper to illustrate 
the various principles of the invest- 
ment process. 


DenTAL METHODS 

Precision casting by the invest- 
ment process using wax patterns 
or disappearing patterns) is essen- 
tially the same as dental casting but 
ona larger scale. The dentist makes 
inlays weighing 1/10 oz., the jeweler 
makes /2-oz. rings and the precision 
caster has made castings weighing 
one lb. with 5-lb. castings in the 
ofing. Casting sizes can be in- 
creased far beyond this with larger 
equipment and continually im- 
proved materials. The precision 
caster looks with awe at the foun- 
dryman pouring ton castings. The 
foundryman looks with amazement 
at the comparatively tiny precision 
casting. Foundry practices vary 
quite a bit in the two industries, 
but there are many points of simi- 
larity. A mutual understanding of 
these practices should aid the foun- 
dryman in his search for greater 
accuracy and quality, and the pre- 
cision caster in his desire for quan- 
tity and increased casting size. 


Procedure in Making an Inlay 


The basic fundamentals of pre- 
cision casting are found in the den- 
tal method of producing a cast inlay 
restoration. A step-by-step descrip- 
tion of the method follows. It must 
be remembered, in the description, 
that the work of producing and 
carving the wax pattern is done on 
the tooth in the patient’s mouth 
at a temperature of 95 to 98° F. 
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Steps A to E, Fig. 1, are performed 
at that temperature. After the wax 
pattern is removed from the pa- 
tient’s mouth, it is handled in the 
laboratory at room temperature 
(appr. 75° F., av.) until cemented 
in place on the tooth in the mouth. 
Figure 1 illustrates and describes 
the various operations in making a 


gold inlay. 


PHYSICAL PRINCIPLES OF SHRINKAGE 
COMPENSATION IN PRECISION 
CASTING 


The practical method having been 
described, it is now advisable to 
enter into a discussion of the physi- 
cal principles that serve as the basis 
of all processes for producing accur- 
ate castings in investment. The 
dental process for producing accur- 
ate cast gold inlays or fillings will 
be used as an example throughout 
the following discussion because it 
is well established on a scientific 
basis through years of study in 
commercial laboratories, universities 
and, especially, at the Bureau of 
Standards. These principles should 
be well understood as they are the 
basis of casting any alloy in any 
size in any quantity. 

In any casting process, the goal 
is a casting of a given size. With 
this as a given or fiducial point, we 
must determine all shrinkages in the 
process, sum them up and compen- 
sate for these negative quantities by 
an equal summation of expansion 
or positive quantities. 


Foundry Methods of Calculation 
of Shrinkage 

The foundryman has one shrink- 
age with which to contend, namely, 
the casting shrinkage of the metal. 
For example, if a certain brass 
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Metat Pracep in THE CrucisLe, MouLTeN aNp Forcep into Parrern CHAMBER THROUGH Sprvue Hote. 
J—Mo.p Is Piuncep 1n Water, Investment Removep aNp Spruz Cur Orr. Remarntne Castine Is 
Reapy ®ro se CEMENTED IN TOooTH. 
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shrinks 4% in. per ft., the sand 
founder will use the shrink rule 
and add 4 in. per linear ft. to his 
patterns. Thus when the pattern 1s 
ual from the sand, it leaves a 
mold cavity % in. per linear ft. 
larger than the finished object. 
Metal is poured into the cavity, 
whereupon it solidifies, cools and 
shrinks 4 in. per ft. so that the 
fnished casting is the size required. 
When a foundryman makes a 
match plate, he first produces a 
master pattern to which a “double 
shrink” is added. One shrinkage 
allowance covers that from the 
single master to the match plate. 
The second shrinkage allowance is 
from the match plate to the prac- 
tical casting. For example, using a 
brass with a shrinkage of 7/32 in. 
per ft. or 1.82 per cent, double 
shrinkage would be 3.64 per cent. 


Precision Investment Method 

Wax Shrinkage. The dentist is 
confronted with different conditions, 
including a double shrinkage and a 
double expansion, but again careful 
balancing of the ledger will produce 
the desired results. First, the shrink- 
ages will be considered. Since the 
pattern that forms the mold cavity 
is wax, its thermal changes affect 
the mold size. The wax is adapted 
to the tooth cavity (which is our 
fiducial point) at mouth tempera- 
ture which is very nearly 95° F.; 
the pattern is then handled at room 
temperature, usually 75° F. (aver- 
age year around in dental offices) 
so that it cools 20° F. From an 
expansion (and contraction) curve 
of a typical pattern wax (Fig. 2), 
it is seen that the shrinkage from 
95° F. to 75° F. is 0.35 per cent 
minus 0.10 per cent or 0.25 per cent. 
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Metal Casting Shrinkage. The 
other shrinkage is the casting shrink- 
age of the gold alloy. This has 
been determined to be 1.25 per 
cent. This figure was determined, 
along with many other physical 
properties of dental materials, in the 
classical work of R. L. Coleman.* 

The total shrinkage is thus 0.25 
per cent plus 1.25 per cent, or 1.50 
per cent. 


Compensating Expansions. This 
may be compensated for by the fol- 
lowing modes for expanding the 
mold cavity: 


(1) Heating the wax pattern. 

(2) Setting expansion of the 
investment. 

(3) Thermal expansion of the 
investment. 


No. 1 was used before the advent 
of high-expanding investments. It 
was carried out by covering the 
wax pattern with an investment 
mixed with hot water. Thus, if the 
pattern was covered in investment 
at 115° F., the wax would expand 
0.5 per cent. This took place before 
the investment set hard. Since an- 
other 1.0 per cent for complete com- 
pensation is needed, an investment 
with 0.3 per cent setting expansion 
and 0.7 per cent thermal expansion 
would be used. 


At present, the dentist uses, for 
example, an investment with 0.3 per 
cent setting expansion and which 
will expand thermally upon heating 
to 1200 to 1300° F. (649 to 704° 
C.), an additional 1.2 per cent. 
Thus, 1.2 per cent plus 0.3 per cent 
equals 1.5 per cent. 

Obviously, all dentists do not use 
the same wax and same type of in- 
vestment nor work in a 75° F. 


= ' 
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room, nor are all inlays the same 
size and shape. The dentist must 
study the conditions and compen- 
sate accordingly. Simple yet accyr. 
ate means for doing this are fyr. 
nished by the investment manufac. 
turer. 
MATERIALS 


The principal materials and 
equipment used by the dentist, jew. 
eler and precision caster are 4s 
follows: 


(1) Waxes 

A dental inlay wax must become 
pliable at about 110 to 125° F. (43 
to 52° C.) so that it can be soft- 
ened and applied to the tooth struc- 
ture without undue discomfort. It 
must be quite hard at mouth tem- 
perature so that it will not distort 
upon removal. It should be easily 
carved without flaking and be of a 


‘ dark color so as to be easily dif- 


ferentiated from tooth structure. It 
must volatilize and burn away with- 
out leaving any appreciable ash. 
Details, test methods and specifica- 
tions were developed at the Bureau 
of Standards.” 

Inlay waxes consist of a paraffin 
base with proper working charac- 
teristics controlled by compounding 
with one or more of the following: 
beeswax, carnauba, candellila, cere- 
sin, damar and stearin, as well as 
new synthetic waxes. Coleman® 
gives the following formula: paraffin 
60 per cent, carnauba 25 per cent, 
ceresin 10 per cent, refined beeswax 
5 per cent. Others will be found 
in Appendix I at the end of the 
paper 

Waxes have unusually high co- 
efficients of expansion. They will 
change in dimension quite a bit 
with a small change in temperature 
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Fig. 2). Wax patterns should be 


‘nested as soon as possible after 


removal from the tooth as they are 
highly subject to distortion, losing 
curate shape even in a few hours. 


This is variously explained as being 


jue to elasticity and the tendency 


uc 
; the wax to return to its former 
shape before being stressed and 
forced into position. Waxes consist 
of a mixture of crystalline and 
amorphous materials and are thus 
subject to plastic flow (even under 
their own weight). 

Some of the latest developments 
in pattern materials include the use 
of plastics and low fusing metals.** 
These are indicated where extreme 
accuracy is necessary. The cost is 
sreater than that of wax, but even 
this is being overcome. 

2) Investment 

The dictionary defines this word 
as “the act of surrounding, that 
which invests or clothes; dress, vest- 
ment.” In casting work, investment 
means the material that surrounds 
or covers the patterns. It is the 
mold-forming material and the 
counterpart of the foundryman’s 
sand, 


’ 


Investments vary widely in com- 
position, but all of them consist of 
a refractory aggregate (such as 
powdered silica) and a binder (such 
as plaster of paris) which will form 
acreamy fluid mixture when mixed 
with water. This will flow or can 
be vibrated into place and will set 
or harden to a hard, cementitious 
mass. Typical investment formulae 
are given in Appendix II at the end 
of this paper. 

In the foundry, the sand molds 
almost invariably are used at room 
temperature; therefore, no expan- 
son nor contraction due to heating 


or cooling takes place. With invest- 
ments, the conditions are different. 
Expansion takes place during the 
setting or hardening and is known 
as setting expansion. 

Investments also expand during 
their heating to volatilize the en- 
cased or invested patterns, and will 
contract if they are cooled before 
casting. These expansions and con- 
tractions control the cavity size and 
shape and must be controlled ac- 
curately and their values accurately 
measured. It should be noted that 
if the investment expands, all cav- 
ities (pattern chambers) therein ex- 
pand in the same proportion. Like- 
wise if the investment contracts, all 
cavities therein will contract. For 
example: if the investment has a 
thermal expansion of 1.0%, the in- 
vestment and all cavities therein will 
expand 0.010 ins. per inch (regard- 
less of investment mold or cavity 
size or shape. The following section 
will develop the properties of invest- 
ments. 

Setting Time. Investments should 
form a plastic mass of the consist- 
ency of thick cream and maintain 
such for about 3 to 5 min. to permit 
painting and investing of the pat- 
tern. Setting time may be varied to 
suit the need. 


Strength. The crushing strengths 
of investments (dry, at room tem- 
perature) are from 1000 to 3000 psi. 
and rarely cause trouble on this 
score. Hot strengths are about 400 
psi. 

Fineness. Since the cast inlay can 
not be ground or polished on the 
side to fit the cavity lest the per- 
fect fit be destroyed, the cast sur- 
face must be extremely smooth. 
Bureau of Standards Specifications *® 
call for a fineness of investment 
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materials such that all shall pass a 
no. 30 sieve, 95 per cent shall pass 
a no. 100 sieve, 85 per cent through 
a 325 sieve. The average particle 
size is about 500 mesh, and is many 
times finer than the finest foundry 
sand. Commercial dental invest- 
ments are being used for precision 
casting work. Modifications are 
made to suit the user’s process. 

Permeability. Since the metal is 
forced into the mold under pressure 
(10 to 30 psi.), the investment can 
be dense and thus present a hard, 
dense, smooth surface. The perme- 
ability of the mold at 1200° F. 
(649° C.) or casting temperature 
has never been successfully meas- 
ured, but from measurements at 
room temperature it has about 1/10 
the permeability of an average sand. 
Permeability is controlled by invest- 
ment particle size and shape, and 
by the amount of gaging water 
used. More water increases perme- 
ability. 

Chemical Properties. The invest- 
ment should not contain any ingre- 
dients that will react with the 
molten casting alloy to cause undue 
gas evolution, oxidation, or other 
chemical reaction. These would de- 
stroy the physical properties of the 
casting and the surface finish would 
be unsightly as well as too rough 
to meet accurate specifications. The 
investment formulas given in Ap- 
pendix II show examples of the 
wide variety of ingredients used to 
give desired chemical as well as 
physical characteristics to invest- 
ments. 

Setting Expansion. Plaster of 
paris, the most universal investment 
binder (except for casting high- 
fusing ferrous and cobalt-chromium 
alloys), expands on setting and im- 
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parts this property to investmen, 
Plaster expands from 0.2 to 0.5 


& per 


cent and investments do likewjse 
The three curves in Fig. 3 show the 
setting expansion of a typical invest. 
ment (Type 6—Appendix IT) under 
various conditions. In the eup 


ULVe 
> 


marked “dry,” Fig. 3, which shows 
the setting expansion in air, note 
that the maximum expansion 
reached in about one hr. and that 
there is no appreciable subsequent 
change even in 24 hr. 

Plaster of paris (and its invest. 
ments) will expand even more if 
permitted to set in contact with or 
immersed in water. This is known 
as hygroscopic expansion. The set- 
ting expansion can be increased by 
lining the investing ring with a thin 
strip of wet asbestos paper before 
placing the investment therein. Thi 
curve marked “moist,” Fig. 3, shows 
the effect of a single asbestos liner. 
A double thickness of asbestos will 
permit even greater infusion of 
moisture and will increase the ex- 
pansion another 0.1 per cent. The 
curve marked “wet” shows the set- 
ting expansion for complete immer- 
sion under water 7 min. after in- 
vesting. If placed under water 
sooner, there will be greater expan- 
sion. 

There is thus quite a choice in 
setting expansion so that one may 
vary the expansion of the same in- 
vestment merely by a choice of the 
moisture conditions during the set- 
ting. Rigid control in preparation 
of investments is necessary to insure 
reproducible expansion from time to 
time under the various possible con- 
ditions. 

Thermal Expansion. It is for- 


tunate that the heating of an m- 
vestment mold to a dull red heat 
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1200 to 1300° F., 649 to 704° C.) 
serves three necessary purposes: (1) 
it dissipates or volatilizes the wax 
pattern and burns away any Car- 
bonaceous residues, (2) it provides 
a mold hot enough to prevent pre- 
nature freezing of the casting alloy 
in this section, and (3) it expands 
the mold so as to help compensate 
for wax and metal shrinkages. 
Investments consist essentially of 
silica and plaster. Figure 4 shows 
the thermal expansion of four forms 
of silica. It is to be noted that the 
form most universally used, namely, 
quartz or sand, has a thermal ex- 
pansion of 1.5 per cent, and most 
of this occurs near its inversion 
temperature at approximately 1063° 
P. (573° C.). This inversion in- 


volves a crystal change from low 
quartz to high quartz. Cristobalite, 


another phase of silica, has an even 
greater expansion and occurs at a 
lower temperature, namely, approxi- 
mately 450° F. (232° C.). Tridy- 
mite also has high expansion and 
inverts twice at an even lower tem- 
perature. Fused quartz has the low- 
est expansion of any commonly oc- 
curring material. 

Plaster is unusual in that it 
shrinks tremendously upon heating. 
In fact, it shrinks about as much 
as silica expands. Gypsum is cal- 
cium sulphate with 21 per cent of 
chemically combined water. When 
heated to about 400° F. (204° C.), 
15 per cent water is driven off and 
plaster of paris is formed. When 
plaster of paris is mixed with water, 
it takes up 15 per cent of water and 
returns to gypsum. Upon heating, 
set plaster (gypsum) again loses 
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water and changes to plaster, or 
hemihydrate (CaSO, . % HO). 
This changes to soluble anhydrite at 
about 500° F. (260° C.) and finally 
to dead-burned gypsum (CaSO,) 
at 600 to 850° F. (315 to 455° C.). 
The latter change, and its accom- 
panying shrinkage, causes cracking 
of plaster molds during heating and 
drying, and is the principal obstacle 
to the more widespread use of plas- 
ter molds for casting metal. It is 
to be noted in Fig. 5 that the 
thermal expansion of plaster of paris 
varies considerable depending upon 
the ratio of water to plaster of 
paris. Curve 1, Fig. 5, shows the 
expansion and contraction when 
using 49 parts water to 100 parts 
plaster, and curve 2 shows the same 
when using less water, namely 37 
parts water per 100 parts of plaster. 
These curves are based on the use 
of a special form of plaster known 


21. This material 


as alpha gypsum. 
has a normal pouring consistency 
of 40 parts of water to 100 parts 
of powder. Ordinary plaster of 
paris requires 60 parts of water to 
100 parts of powder, and has an 
even greater shrinkage. 

To overcome the tremendous 
shrinkage of plaster, investments 
contain a larger proportion of silica, 
60 to 80 per cent, and a minimum 
proportion of plaster, 20 to 40 per 
cent. In addition, certain agents 
are added to improve the expan- 
sion. Typical types of investments 
and formulae are given in Appendix 
II. Figure 6 shows the thermal ex- 
pansion of three typical investments, 
types 1, 5 and 6. Type | isa typical 
investment base material. Types 2 
and 6 have various additions and 
changes made to increase the ex- 
pansion. 
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It is usual dental practice to 
heat the investment to about 1200 
to 1300° F. (649 to 704° C.) and 
cast into the mold at this tempera- 
ture so as to make use of the great- 
est expansion possible. A hot mold 
is also necessary to the dentist to 
insure the metal reaching all fine 
interstices and thin sections of the 
pattern. For larger molds and with 
larger sprue holes, the mold need 
not be so hot, in fact, it will enhance 
quicker cooling of the metal if the 
mold is cooler. Curve 1, Fig. 7, 
shows the thermal expansion of 
Type 1 investment on heating, and 
curves 2 and 3 the shrinkage upon 
cooling. It is to be noted that, as 
the mold is cooled, it will shrink to 
a point much lower than that 
reached at the same temperature 
during the heating cycle. The 


> 
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shrinkage will vary, depending upon 
the temperature at which cooling 
is started. Curve 2 shows the cool- 
ing shrinkage from the maximum 
temperature of 1400° F. (760° C.), 
and the curve 3 shows the cooling 
shrinkage when held at a constant 
temperature of 500° F. (260° C.) 
for about 2 hr. and then cooled. 
Therefore, it is necessary to deter- 
mine expansion and _ contraction 
values for the particular invest- 
ment under the exact temperature 
and time conditions under which it 
is used in practice to insure having 
correct values for use in compensa- 
tion calculations. The maximum 
temperature usually is that required 
to completely dissipate the pattern 
material. Dental castings almost 
invariably are made in molds at 
their maximum temperature to util- 
ize the maximum expansion. Cast- 
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ing in cool molds is possible when 
necessitated by metallurgical con- 
siderations. However, cooling the 
mold invites cracking of the mold 
due to the added strain of a high 
negative coefficient of expansion. 


(3) Casting Alloys 
Types of Alloys Castable. At one 


time or another, practically all 
metals and alloys have been cast in 
investments with at least some de- 
gree of Aluminum casts 
well, as do zinc alloys. It is believed 
that magnesium also will cast suc- 
cessfully when proper care is exer- 
cised. However, the principal field 
of application is in copper-base 
alloys, stainless steels and chromium 
alloys. The casting of low-alloy and 


success, 


carbon steel is as yet impossible in 
plaster-containing investment, and 
not too successful in more refractory 
investments. However, this is the 
goal of all precision casters, and is 
looked forward to with optimism. 
Many precision-cast brass parts 
were previously machined from free- 
turning yellow brass, tobin bronze, 
naval brass, and others available as 
extruded shapes or bar stock. It is 
necessary to match the standing 
specifications with alloys in the “as- 
cast” state. The physical proper- 
ties of alloys cast in investment 
molds are approximately the same 
as sand cast. Brasses contaiing 
58 to 65 per cent copper, 0.1 to 
1.0 per cent aluminum and the re- 
mainder substantially zinc, can be 
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cast with tensile strengths in excess such as types 9 and 10 of Appen- 
of 50,000 psi. and elongation of over dix II. 

) per cent. Tensile strengths as 
hich as 110,000 psi. and elongation 
of 10 to 40 per cent are possible 
with manganese bronzes. For spe- 
cific requirements, a luminum 


bronzes and silicon bronzes can be 


Nature of Casting Shrinkage. 
Alloys go through three decreases 
in volume during casting®: 

(1) Contraction of liquid from 
casting temperature to freez- 
ing point. 

(2) Contraction of alloy due to 
change of phase from liquid 
to solid at constant freezing 
temperature. 

(3) Contraction of solid alloy 
from freezing point to room 
temperature. 


cast succ essfully. 
To date, alloys containing over 
5 per cent lead and high in copper 
have not provided smooth surfaces. 


pected to overcome this difficulty. 
This is true of investments contain- 
ing plaster. Stainless alloys, such as 


cobalt-chromium-molybdenum and Pure gold is used as an example 
similar alloys of the “stellite” types, because accurate contraction data 
as stainless steel, are suc- are available, although data for 


ssfully cast in special investments, item 1 have not been determined 
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reliably. Item 2 is given as 1.46 per 
cent. Item 3 is 1.76 per cent. Under 
favorable conditions all of the con- 
traction, except in the solid state, 
is compensated for by the addition 
of more liquid from the crucible. 
The contraction of pure gold in the 
solid state is 1.76 per cent, and of 
the alloy 90 per cent gold, 10 per 
cent copper is 1.62 per cent. The 
actual casting shrinkage of the _lat- 
ter is 1.25 per cent in investment 
molds, and does not vary appreci- 
ably due to changes in casting tem- 
perature, mold temperature or pres- 
sure. 


This also is true of the aluminum- 
copper alloy containing 95 per cent 
aluminum, 5 per cent copper when 
cast in sand® where a casting 
shrinkage of 1.64 per cent was 
found. The contraction of pure 
aluminum from its freezing point to 
room temperature is 1.95 per cent 
by extrapolation of the values given 
in reference 12. The contraction of 
95 per cent aluminum, 5 per cent 
copper alloy is known to be but 
slightly less than that of pure alumi- 
num, so that the use of a value of 
1.9 per cent is safe. Again, the 
casting shrinkage is lower than the 
normal shrinkage. 


The contraction of brass from its 
freezing point is not easily found, 
but extrapolation of various curves 
from 600° C. (1112° F.) to the 
freezing point gives values of ap- 
proximately 2.5 per cent for a 60 
per cent copper—40 per cent zinc 
alloy. The casting shrinkage of this 
type alloy is % in. per ft. (2.08 per 
cent) for sand castings, and a simi- 
lar value is found in the investment 
process. Here again the casting 
shrinkage is less than normal shrink- 
age. 
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The difference between norma] 
contraction and casting shrinkage 
may be due to one or more of the 
following *: 


(1) There may be sufficient fric. 
tion or interlocking of the 
first thin shell of alloy to 
solidify, to permit its being 
heated and stretched (it js 
still comparatively soft) by 
the bulk of the still molten 
metal in the center. 

(2) Some of the alloy may cool 
and solidify before the metal 
in the crucible freezes and 
thus some of the cooling 
shrinkage is compensated for 
by new molten metal. 

It is the author’s belief that con- 
siderable work has yet to be done 
to learn more about this phenon- 
enon. Some workers in the dental 
field have shown no difference in 
contraction due to difference in 
casting size or shape; in practice 
the dentist requires more expansion 
for larger multiple surface inlays. 
Many measurements made on larger 
precision castings (brass) show vari- 
ations in actual shrinkage. It is not 
believed that this is due to vari- 
ation in casting shrinkage of the 
alloy, but to other factors, the na- 
ture of which is still unexplainable. 
As more data become available on 
castings of various sizes and shapes, 
and more is known on the effect of 
investment in resisting metal shrink- 
age, a more comprehensive under- 
standing of this subject will be 
forthcoming. 


PATTERNS 


Master Pattern 


The production of a_ precision 
casting begins with an actual piece 
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of the desired shape and size, if it is 
in production, or a blueprint of a 
one part to be made. If a part is 
wailable, it often is most time sav- 
a to make a preliminary die and 
make test-castings. In this way, 
various methods of sprueing, etc., 
are tested and the best way deter- 
mined. Most helpful is the oppor- 
tunity to determine shrinkages and 
the necessary means and amount of 
compensation. 

Obviously, on a new piece, the 
beginning is the blueprint. Here, as 
ysual, consultation between cus- 
tomer and precision caster will pro- 
duce the best and most economical 
results. Experience to date has 
shown that in most cases the object 
or part can be redesigned to give 
added features which were originally 
desiréd, but which had to be omitted 
for various practical reasons, such as 
limitations of coring in sand casting 
or costly machining operations. 

Shrinkage Calculation. With a 
given design and _ specifications, 
shrinkages and expansions are calcu- 
lated. Supposing, for example, that 
acertain dimension is given as 1.000 
in, plus or minus 0.003 in. (Fig. 
84). From practice, we have 
learned that our wax shrinks 1.0 per 
cent; Le., it is adapted to a warm 
mold and upon cooling to room tem- 
perature it shrinks 1.0 per cent. A 
brass, containing essentially 65 per 
cent copper and 35 per cent zinc, is 
to be used which has a pattern- 
maker’s shrinkage of 7/32 in. per ft., 
or 1.80 per cent. These shrinkages 
total (1.0 per cent and 1.80 per 
cent) 2.80 per cent. 

Compensation Calculations. The 
chosen investment has a setting ex- 
pansion of 0.3 per cent and a ther- 
mal expansion of 1.0 per cent at 
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1200° F. (649° C.), giving a total 
of 1.3 per cent. There still is a dif- 
ference of (2.80 minus 1.3) 1.5 per 
cent (shrinkage). If a dentist were 
making the job and he needed but 
one casting, he would resort to plac- 
ing the pattern in a warm invest- 
ment or letting the investment set 
under water to achieve a hygroscopic 
expansion of 1.5 per cent. Since 
perhaps 10,000 pieces are needed, 
the foundryman’s method of enlarg- 
ing the pattern is the best resort. 
However, it is necessary to produce 
but one master, and it is well to 
make it accurate and smooth, as it 
will produce all of the patterns. A 
1.5 per cent increase in pattern size 
is needed. Therefore, 0.015 in. is 
added to the 1.000 in. and produces 
a master pattern 1.015 in. in size. 
This usually can be held to a toler- 
ance of 0.001 in., and often to plus 
or minus 0.0005 in. or better. These 
calculations are shown in Table 1. 


Metal Die 


Alloy. The die needs only to re- 
sist molten wax, seldom over 200° F. 
(93° C.) and under pressures of sev- 
eral thousand psi. If the object is 
not too complicated, the die may be 
machined from steel, brass, or even 
aluminum or zinc, and all or part of 
it can be machined to size without 
need of a master. A steel die has 
shown no wear in the production of 
107,000 patterns. 


Where the design is complicated 
and a master is needed, it is neces- 
sary to resort to the use of low- 
melting alloys, such as 50 per cent 
bismuth, 32.2 per cent lead and 
17.8 per cent tin, or 60 per cent tin 
and 40 per cent bismuth. These 
alloys have no shrinkage or expan- 
sion if properly balanced in compo- 








364 


PRECISION Castiy 


Table 1 
COMPENSATION CALCULATIONS 
Dental 
(A) Shrinkages Per Cen 
Wax pattern shrinkage (95 to 75° F.) 0.95 
Casting shrinkage of gold 1.95 
Total 1.50 
(B) Expansions 
Setting expansion of investment (Type 6) 0.30 
Thermal expansion of investment (at 1200° F.) 1.20 
Total 1.50 
Total shrinkages (1.50 per cent) =Total expansions (1.50 per cent) 
Precision Casting 
(A) Shrinkages 
Wax pattern shrinkage 1.00 
Casting shrinkage of brass 1.80 
Total 2.80 
(B) Expansions 
Setting expansion of investment 0.30 
Thermal expansion of investment (at 1200° F.) 1.00 
Total 1.30 


Shrinkages—expansions= 2.8 per cent 
patterns should be enlarged 1.5 per certt. 


Total shrinkages (2.8 per cent) 


1.3 per cent 


1.5 per cent. Therefore, master 


total expansions (2.8 per cent). 





sition. Bismuth expands on cooling, 
and if 40 to 50 per cent is used, the 
alloy as a whole will be neutral in 
casting shrinkage. 


Die Production (Fig. 8). A ma- 
trix or holder is. made of convenient 
size, two pieces of steel (1 and 1’) 
6x4x in. are cut away in the center 
leaving a rectangular opening (2) 
4x3x¥q in. They are held in rela- 
tive position with pins (3) similar 
to flasks holding cope and drag. 
Part B, Fig. 8, shows a cross section 
through the center along the 6-in. 
dimension. 


The opening in one half of the 
holder is filled with plastic clay (4), 
Part B, and the master pattern (5) 
(1.015 in.) is pushed into the clay 
to the desired parting line. The ex- 
cess clay is trimmed away to give a 
fairly smooth surface. 

The upper half matrix (1’) is 
placed on top of (1) and secured 
with pins (3). Fusible metal is 


heated to about 50°F. above its 
fusing point and poured quickly over 
the master pattern and forms the 
upper mold half C (6). 

After cooling, the entire assembly 
is inverted, the clay (4) is removed 
and fusible metal is poured into the 
space. An excess of fusible metal 
is used and then planed off even 
with the finished die. The master 
is then removed and the halves put 
together. It should be noted that 
(7) C will form the entrance sprue 
of the wax. 

The example shows a very simple 
pattern: obviously, an intricate pat- 
tern would be made in similar man- 
ner but with a die made in a number 
of sections, similar to an intricate 
sand casting made in an assembly 
of cores. For example, a hole may 
be made in the pattern by setting 
a pin in the die at the time it is 
poured. This is shown as (8) im 


Fig. 8, B, C and D. 
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sttern Production. The metal 
1. js assembled and lubricated with 
-t or special lubricants. A wax gun 
1 Fic. 8 D, is placed over the 
mold and properly clamped. Wax 
kept a little above its melting 
soint by a suitable heating element 
wound around (9) D: Wax is 
forced into the pattern chamber by 
pushing piston (10) downward by 
means of a handle (11) pivoted 
12). 

To speed up production, it is pos- 
sible to put several similar cavities 
in a die and thus produce several 
wax patterns at once. The die can 
be mounted in an assembly so that 
opening and closing the die is done 
mechanically. Many controls, such 
as timing, automatic injection, etc., 
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are included in some machines. 
These are almost a necessity to in- 
sure reproducible accuracy. 

As soon as the pattern has solidi- 
fied, the mold D is separated and 
the pattern is removed. The pat- 
tern had been adapted in a warm 
die, and upon cooling it will shrink. 
This will be one per cent, for ex- 
ample. The finished pattern, as 
shown at E in Fig. 8, will have its 
critical dimensions one per cent 
smaller than the die chamber. It is 
now 1.005 in. long. 

Pattern Assembly. Figure 9 A 
shows a typical pattern assembly. 
The base is a crucible former (1) 
into which a sprue forming rod (2) 
is inserted. Patterns a, b and c¢ are 
held in recesses in the rod by means 
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Fic. 9—Patrern Mountino, Investinc anp Dissipatinc. A and B—Typicat Patrern ASSeMBLy. A 


—Berore Burn-Outr. B—Arrer Burn-Ovut. 


C—Two-Parrern Assemsty. D—Tyre or Parrern 


ASSEMBLY CONFIGURATION EspEcIALLy ApaPTep To THIN-Secrionep Castincs. 1—Crucisiz Former. 


1'—Cruciste. 2—Sprue Forminec Rop. 2'—Spruve. 
5—Main Gate. 6—B.iNpd Risers. 


of an adhesive, such as hot wax. 
The metal ring (3) is placed on the 
crucible former. It forms the flask 
into which investment is poured to 
form the mold. The investment is 
shown as (4). 


Pattern Mounting. For example, 
Fig. 9, C and D show several other 
possible methods for assembling pat- 
terns. In C, two patterns are shown 
but this could be increased to a 
larger number dependant upon size. 
As in A and B, Fig. 9, the crucible 
(1’) is formed by removal of the 
crucible former (1). The mold 
shown at D uses a different type of 
assembly configuration*. This is 
especially desirable for thin-sectioned 
castings to be cast of high-fusing 
alloys. Note that molten metal en- 
ters the crucible or main sprue (1’) 
and is then spread in a main runner 
(5), whence it flows through the 
gates into the pattern cavities a, b, 


3—Merat Rino Formino Fiasxk. 4—Investent 
“*a-B-C-p-E-F’’ Patrern Cavities. 


c, d, e and f. The far end of the 
castings are connected by small 
gates to shrink bobs or “blind risers” 
(6). There are many other possible 
configurations for mounting pat- 
terns. The methods of mounting 
used are dependant on several fac- 
tors, among which are the follow- 
ing: 

(1) The economy to placing as 
many patterns as possible in 
one mold. 

(2) The ability of the metal to 
fill all patterns before solidi- 
fying. 

(3) The ability of the metal to 
freeze selectively, first in the 
pattern and then in the gates 
or sprues. 

(4) Ease with which the patterns 
may be mounted and with 
which the gates and risers 
can be removed from the 
castings. 
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INVESTING 


Water is measured and poured 
into a mixer, investment material is 
weighed and gradually sifted into 
the water into which it is incor- 
porated by a hand spatula or knife. 
The components then are mixed in 
an electrically driven spatulator for 
a predetermined interval of time. 
The mixed investment is poured 
from the mixing bowl directly into 
the ring or flask, entirely covering 
the patterns and is leveled with the 
top of the ring. The mold assembly 
is placed on a vibrator during invest- 
ing so as to assure the patterns be- 
ing covered with investment and 
entrapped air driven upward. The 
investment is shown as (4) in Fig. 9, 
A,B,C and D. It is mandatory 
that the patterns be assembled so 
as to permit air to be displaced up- 
ward by the investment and not en- 


trapped in “blind corners.” The in- 
vestment expands 0.3 per cent on 
setting and the mold cavity is 1.008 
in. (Fig. 9 A). 


Mo.p BurNoutT 


After the investment has set 
‘about 30 min.), the crucible former 
1), Fig. 9 A, is removed and the 
pin (2) is heated with a small torch. 
This melts the wax on its surface 
and the pin can be pulled out. The 
mold is handled sprue hole down to 
prevent the entrance of dirt and to 
let the wax run downward as the 
mold is heated. The molds are 
placed in gas or electric furnaces 
and heated slowly to the desired 
temperature, usually between 1000 
and 1300° F. (538 to 705° C.). This 
temperature is sufficient to volatilize 
and burn away the wax. Thus the 
disappearing wax patterns leave 
mold cavities into which the molten 
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metal can be cast. The molds should 
be heated from one to 4 hr., as in- 
vestments are low heat conductors 
and too rapid heating (or cooling) 
will cause uneven expansion (or 
contraction), resulting in cracked 
molds. 


To recover the wax, it is advisable 
to give the molds a prolonged pre- 
heating at a low temperature, 200 
to 300° F. (94 to 149°C.). This 
melts the wax and lets it flow into 
receptacles where it is collected. The 
temperature must be kept compara- 
tively low to prevent decomposition 
of the wax. When the patterns have 
insufficient bulk to make reclaiming 
economical, the mold may be placed 
in the furnace directly and the wax 
dissipated. 


Wax goes through several stages 
in being dissipated. First it softens 
and then melts. Some of the molten 
wax is absorbed by the porous in- 
vestment. Like most organic ma- 
terials, it begins to decompose on 
heating; some volatilizes and the 
remainder carbonizes. Continued 
heating burns away the carbon at a 
rate that increases with temperature 
and time. The investment used 
expands 1.0 per cent on heating, 
producing a mold cavity that meas- 


ures 1.018 in. (Fig. 9 B). 


CasTING 
(1) Pressure Methods 


Dental Type Casting Machine". 
For the small type of casting made 
in dentistry, pressure casting is used 
on an equal footing with centrifugal 
casting. A typical casting machine 
of this type is shown in Fig. 10, A. 
The machine base (1) has a self 
contained pressure tank (2). Air is 
compressed therein manually by 
piston pump (3), or compressed air 
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Fic. 10—A—Line Sketcu or Pressure Type Castinc Macuine. 1—Macuine Base. 2—Air Pressves 
Tank. 3—Piston Pump t—Compressep Ark VaLve. 5—Pressure Gace. 6—Mo.tp. 7—Crucisur 


Hanpie. 9—Hea! l Ar Vatve MECHANISM. 


Macuine. 1—ENcLosep Arc Furnace. 2—Eu: 


FOR INVERTING ASSEMBLY. 6—Mowpn Ca 


may be secured from an_ outside 
source through valve (4). Pressure 
is indicated on gage (5). The mold 
or flask is placed at (6), metal is 
placed at (7) to be melted by a 
torch (or molten metal may be 
poured) directly on the investment. 
The concave upper surface of the 
investment acts as a crucible. By 
pressing down the handle (8) the 
head (9) is lowered onto the mold, 
at which time valve mechanism (10) 
opens and permits compressed air 
from the base tank to pass through 
flexible hose (11) and impinges on 
the molten metal to force same into 
the pattern chambers. It is to be 
noted that there are separate sprues 
to each pattern, and that these 
sprues are of small cross-section; 
otherwise, the molten metal might 
run down the sprue hole prema- 
turely. 


11—Arr Hose. B—Arc Furnace Pressure Castin 
rropES. 3—-MoLTeN Metat. 4—Mo.p. 5—Trunwions 
try. 7—Are Pressure Line. 8—Mowtp Came 


Arc Furnace Type (Fig. 10 B). 
An ingenious arc furnace pressure 
casting machine used for casting 
supercharger buckets* » *° is shown 
in Fig. 10 B. It is a totally enclosed 


arc furnace (1) with electrodes (2). 


In practice, the metal (3) is melted, 
the mold (4) is held securely by a 
clamp (8) on the furnace. The en- 
tire assembly is then inverted about 
trunnions (5) around the electrodes, 
the metal runs into the mold cavity 
(6) aided by air pressure admitted 
through (7). 

Standard practice utilizes pres- 
sure from 5 to 25 psi. The permea- 
bility of investments is not great 
enough to permit casting by gravity, 
but is sufficient to permit casting 
with comparatively low additional 
pressure. Thin sections may be cast 
successfully in heated molds. Higher 
temperatures are generally more 
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effective than increased pressures. 
The high pressures used in metal die 
casting are not necessary since the 
molds are permeable and low heat 
conductors, the latter property per- 
mitting the metal to remain fluid 
longer. Standard investments will 
not withstand too high pressure, as 
their hot compressive strengths are 
about 400 psi. and the tensile 
strength about 100 psi. 


2) Centrifugal 

Dental Type Machine. In Fig. 
11, A is an illustration of a typical 
dental type centrifugal casting ma- 
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chine. In this type, the mold spins 
about an axis exterior to the mold. 

This machine consists of an arm 
bar or beam (1) pivoted on a ver- 
tical axis shaft (2). It is motivated 
by a coiled spring (3) being held in 
a cocked position by a pin (4). 
This mechanism is contained in a 
base (5) secured to a table. At one 
end of the arm bar is a backstop (6) 
against which the mold (7) rests. 
A crucible or a melting furnace is 
placed at (8). To give a smooth 
rotation, a counterbalance (9) is 
placed at the other end of the arm 
and held in proper position by a 
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Fi, 1—A—Typican DentaL Type Centairucat Castine Macuine. 1—Arm or Beam. 2—Verticar 
Aus SHarr. 3—Mortivatinc Comep Sprinc. 4—Cockinc Pin. 5—Base. 6—Backsrop. 7—Mo.Lp. 8— 
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pin (10). The usual dental type has 
a straight arm bar. Another type”? 
has a section of the arm bar (11) 
capable of rotating about a pivot 
(12), Fig. 11 A. 

In operation, the arm bar is 
turned in a clockwise direction to 
wind the spring (3) to the required 
tension (2 to 6 turns). The pin (4) 
is raised to hold the bar in a cocked 
position. The metal (13) is molten, 
or molten metal is poured into the 
crucible (8). The counterweight 
(9) at the end of the bar is given a 
slight forward pull, the pin (4) 
drops and the entire assembly begins 
to spin about the central axis shaft 
(2). The centrifugal force gener- 
ated caused the molten metal to run 
into the mold cavities, and the con- 
tinuous spinning maintains this force 
until the effect of the spring is spent. 
Figure 11 B and C illustrate the 
forces on the molten metal in the 
centrifugal casting machine of the 
pivoted or “broken” arm type. The 
entire assembly spins in the hori- 
zontal plane about the vertical axis 
(1). The left end of the bar is 
“broken” and pivots about (2). At 
the instant of release, the principal 
force of inertia on the metal is 
shown as (3). The mold actually 
starts forward and then the “broken” 
arm is thrown to the left about (2), 
adding to the force of inertia (4). 
In the straight-arm type, the force 
should be almost entirely (4) and 
the metal tends to be thrown out of 
the side of the crucible. The 
“broken” arm tends to give a greater 
starting force parallel to the direc- 
tion of the mold. 

Figure 11 C shows the assembly 
after a portion of a turn, and the 
force is now centrifugal in the direc- 
tion (5) and the metal is in the 
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mold and held until it solidife 

Figure 11 D illustrates a goliq. 
arm centrifugal casting machine 
spinning in the vertical plane shout 
a horizontal axis. The central arroy 
shows the direction of rotation, |p 
this case, inertia tends to force the 
metal against the bottom of the cr. 
cible, as at (6), until rotation hes 
built up centrifugal force (7) to 
force the molten metal into the 
mold. 

New Type of Centrifugal Casting 
Machine for Multiple Molds. The 
dental type of centrifugal casting 
machine is excellent for a number 
of castings, but it permits the use of 
but one mold at a time. This can 
be overcome by using a battery of 
casting machines, or by a new type 
of design* that is being used in many 
variations. Figure 12 shows a ma- 
chine of this general type. In it, 
the molds may be placed at both 
ends of the arm, or a number of 
molds may be placed around the 
circumference, each being fed from 
the center by gates, resembling the 
spokes of a wheel. For example, (1) 
is a base rotating about central shaft 
(2). It is motor driven with ade- 
quate speed control. Metal is poured 
from a ladle, or directly from a 
furnace (3) into a central pouring 
pit (4). The mold is rotating and 
the metal is forced into molds (6) 
and (7) through side gates or run- 
ners (5). 

Factors Affecting Casting Time. 
An interesting study of centrifugal 
casting has been made by Myers” 
who shows the following: a dental 
casting using an 11-gauge sprue and 
five winds of the casting machine 3s 
made in 0.38 sec., at which time the 
machine has attained a speed of 
528 rpm. 
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12—Muttipte-Motp CentriruGaL Castine Macuine. 1—Base. 2—Centrat SHarr. 3—LapLe or 
Furnace. 4—Centrat Povurinc Pit. 5—Sime Gates or Runners. 6 anp 7—Mo.ps. 


The formula for centrifugal force is Additional factors to decrease time 
4n*? mn? r. required for filling the mold are: 
Fe ses (1) Increased sprue size (cross 


o 
31416 section area). 
(2) Tapered crucible to increase 


“*head” of metal. 


where T 
mass of the metal in Ib. 


radius of circular path . : 
nm ft Many castings are completed in the 


gravity constant first revolution of the machine. 

(32.2). Pressures used (centrifugal or pres- 

number of revolu- sure) are from 5 to 25 psi. 

tions per sec. After casting (pressure or cen- 

Thus the force is increased: trifugal) into a hot mold cavity of 

Directly as the mass of 1.018 in. (Fig. 9 B), the metal will 
metal (m) shrink 1.8 per cent and the resulting 
Directly as the distance of casting will measure 1.000 in. per 
metal from axis of rota- original specification (Fig. 8 A). 
tion (r). RECOVERY AND COMPLETION 
By the square of the speed oF CAsTINGS 


n* ). After the metal is cast, the mold 








is permitted to cool at such a rate 
as will give the best physical prop- 
erties to the alloy. A _ dentist 
quenches his mold from a red heat 
directly in water so as to maintain 
the gold in an annealed condition. 
Brasses usually need slower cooling 
and sometimes are permitted to cool 
down completely in the mold. 

The investment is then “dug” 
away and the remainder brushed off 
with a stiff brush under running 
water. The next step is cutting off 
the sprues. This usually is done on 
an abrasive cut-off wheel or on a 
metal band saw. The remainder of 
the projecting sprue often can be 
removed on a disc sander. 

Any final close tolerance machin- 
ing now is done. This includes 
reaming, turning, tapping, and 
sometimes buffing. 


Completed castings are inspected 
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gages are used, including snap and 
thread gages, micrometers, jj 
gages, etc. 
CasTING PRECISION 

Figure 13 illustrates the precision 
possible in investment casting. The 
data were secured by measuring 1() 
patterns and castings at random 
from the production line. The 
average size of patterns and castings 
is used as the origin, plus or miny 
0.000. Measurements were taken 
by means of a micrometer a 
0.0005-in. intervals on patterns and 
0.001-in. on castings, and the fre. 
quency or percentage which oc- 
curred at, above and below the 
average measurements were plotted 
as shown by circled points. The 
points were connected to give a fre- 
quency -tolerance curve. Broken 
lines indicate the tolerances for pat- 
terns and solid lines those for cast- 
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It is to be noted that 58 per cent 
of the patterns occurred at the 
verage dimension and another 37 
3 cent (30 plus 7) were plus or 
minus 0.0005 in., or a total of 95 per 
cent were within a tolerance of plus 
or minus 0.0005 in., and 100 per 
cent were within plus or minus 
0,001 in. 

The curve of castings is of a simi- 
lar shape, but covers a wider range 
of tolerance, as would be expected. 
Fighty-nine (89) per cent were plus 
or minus 0.0005 in. Another 9 per 
cent were plus or minus 0.0015 in., 
and the remaining 2 per cent were 
minus 0.0025 in. 

[he percentage of useful castings 
depends upon the tolerance permis- 
ible in the specifications. Obvious- 
ly, those above size may be brought 
down to size, but undersize castings 
must be remelted and cast again. 
Where extreme accuracy is desir- 
able, such as plus or minus 0.0005 
n., it is possible to use 89 per cent 
f the castings. For this extreme 
precision, 89 per cent efficiency (11 
per cent loss) .is quite economical. 
This 11 per cent is not a total loss, 
a the metal can be remelted and 
cast again. 

The foregoing figures were se- 
red under carefully controlled 

nditions by the use of the latest 
cevelopments in patternmaking and 
casting, and may be taken as the 
precision possible in in. per in. of 
ength. These figures cover preci- 
son and are a scientific measure of 
the precision casting process. This 
hows the variation of one pattern 
or casting from another or from the 
average dimension. 


The practical measure is known 
# accuracy and involves the meas- 
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ure of tolerance from the specified 
dimensions. For example, the cast- 
ing used as an illustration herein 
had a specified dimension of 1.000 
in., plus or minus 0.003 in. If the 
average dimension of our casting is 
1.000 in., then all would pass the 
requirements and the accuracy 
would be met 100 per cent. If the 
average casting dimension is 1.004 
in., then most of the castings would 
be rejected and the accuracy would 
be low even though the precision is 
high 

High precision shows that the ma- 
terial and process is working very 
uniformly. Low accuracy may be 
due to the use of incorrect values in 
the compensation calculations. The 
use of 2.4 per cent instead of 2.0 per 
cent for the shrinkage of brass will 
cause the casting to be 0.004 in. too 
large. If the die was to be 1.015 in. 
but was made 1.019 in., the same 
large casting would result. Con- 
sidering the possible combined errors 
in our available figures for the 
shrinkage of wax patterns, the set- 
ting and thermal expansion of in- 
vestment and the casting shrinkage 
of the alloy, it is advisable to double 
the above illustrated precision toler- 
ance to secure a commercially feasi- 
ble accuracy tolerance. 

A wide variation in precision is 
difficult to correct, but errors in ac- 
curacy can be more easily eliminat- 
ed. For example, if the castings 
are uniformly 0.004 in. oversize, it 
is only necessary to make the die 
0.004 in. smaller. The possibility of 
making dies quickly and cheaply is 
a great aid in making precision cast- 
ings accurate. Once the die is made 
to the correct determined size, the 
accuracy of the casting can be made 
nearly the same as the precision. 
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CONCLUSIONS 
Having reviewed the theory and 
practice of precision casting, it is 
now in place to compare its appli- 
cations with those of other methods. 


(1) Fields of Application of Preci- 
sion Casting 


The fields of application for the 
precision casting method may be 
summarized as follows: 

(a) The principal indicated field 
of precision cast parts is to 
displace those requiring many 
machining operations or hand 
fabrication. 


(b) Where alloys are unusually 
difficult to machine. 

(c) Many parts have specifica- 
tions calling for tolerances of 
plus or minus 0.005 in. (deci- 
mal dimensions) and 1/64 in. 
on fractional dimensions, with 
one or several dimensions 
held to very close limits, such 
as plus 0.0007, minus 0.0003. 
Here a part can be precision 
cast to all but the latter ex- 
treme tolerance, and __ this 
would be so nearly to size as 
to require only a finishing cut 
in machining. 

(d) Where a smooth, clean sur- 
face adds utility and beauty. 

(e) For small runs where other 
pattern or die costs are too 
expensive or time consuming 
to produce. 

(f) Where special metallurgical 
and metallographic condi- 
tions are required. 

(g) To produce sizes and shapes 
wherein suitable bar stock, 
tubing or forgings are not 
available. 

(h) As a starting point for ma- 
chining wherein a sand cast- 
ing is too rough or inaccurate 
to permit proper chucking. 
Here the investment process 
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can be used and economic 
secured by easing up on to. 
erance requirements, 

(i) To provide special markings, 
numbers, graduations, bling 
holes, etc. 

(j) Where the presence of a part. 
ing line is unsightly or too 
inaccurate, and where appre. 
ciable draft is undesirable. 


(2) Cost of Precision Casting 

In this most important factor, it 
must be stated that a precision cast- 
ing is more costly to produce than a 
sand casting. However, in all fair. 
ness the cost of a precision casting 
must be compared with a sand cast- 
ing on which there has been carried 
out those machining operations nec. 
essary to meet specifications. Like- 
wise, when a precision casting re- 
quires some critical machining, this 
cost must be added before a fair 
comparison can be made with a 
totally machined part. In compar 
ing costs with die casting, it is neces- 
sary to take into account original die 
cost and the life span of the die. 

Whereas sand castings usually are 
sold on a per |b. basis, precision 
castings usually are sold as finished 
pieces. It is comparable to a ma- 
chined part where finishing cost 
usually far exceeds the cost of the 
metal, and a small part may be 
much more costly than a less intr 
cate large part. 

With more experience in the com- 
paratively mew precision casting 
field and with utilization of mechan- 
ized mass production methods, costs 
will be lowered and more precise 
figures wil! become available for 
direct comparison with those by 
other methods. At present, each 
job involves something new, and 
costs are merely estimates. 
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Work 
f the paramount desires ot 
precision caster, and ones on 


which the various research depart- 


ments are working, are: 


‘q) Materials 
Harder low-fusing die 
metals. 
9) Waxes with less shrink- 
age. 
More refractory and less 
costly investments. 

b) Equipment 

|) Automatic patternmak- 
ing machines. 

2) Larger casting equip- 
ment. 

As improvements in materials 
and enlargement of equipment are 
made, it will be possible for invest- 
ment to replace permanent molds, 
and and sand cores in more and 
more types of casting work. 


Precision casting is not a process 
that just any foundry can adopt at 
present. It requires equipment, 
apparatus and materials that present 
wers have developed and built for 
thir own use, and materials espe- 
dally formulated for their process. 
It is believed that, as these means 

are perfected to a point where con- 
Bsistent results will be possible with- 
out constant scientific supervision, 
the process can be made more gen- 
tally available. Just as Dr. Tag- 
gart* developed dental casting and 
then made his materials and appara- 
us available to others, so precision 
casters will do likewise. At present, 
no two investments or casting ma- 
chines are alike; once the merits of 
tach are more widely known and 
gnerally available, one may look to 
rpid improvement and growth of 
precision casting practice. 


INDUSTRIAL PRACTICE 

Figures 14 to 20 illustrate opera- 
tions in a precision casting foundry. 

Figure 14 shows a mold being in- 
vested. Note the graduate for measur- 
ing water, scale for weighing invest- 
ment to % oz. accuracy, and clock 
for accurate timing of the mixing 
operation. The mold is vibrated 
electrically to permit the investment 
to level itself quickly. Investment 
is spatulated by the electrically- 
driven blade mixer. 


Figure 15 shows a battery of 24 
electric furnaces for dissipating or 
burning out the patterns. They are 
provided with individual and aver- 
aging thermocouples for tempera- 
ture measurements and automatic 
and electronic controls for regulating 
temperature, heating rate, cut-off 
time and air flow to sweep out 
vapors and combustion products. 


Figure 16 shows a high-frequency 
induction furnace for melting metal 
and a large casting machine based 
on the principles of the dental pres- 
sure casting machine of Fig. 10. 
Note the thermocouple and pyrome- 
ter for accurate metal temperature 
measurement, time clock and gages 
for accurate controls. 


Figure 17 shows a group of den- 
tal type centrifugal machines adapt- 
ed to take large molds and special 
crucibles. A helper loads and un- 
loads the molds and the melter fol- 
lows in succession from one machine 
to another. Note the control dials 
for the burn-out furnaces (to the 
right of the melter). 


Figure 18 shows the molds being 
broken up and the castings being 
“dug out.” Note the castings in the 
front and rear and some still under 
water. 
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Figure 19 shows a band saw for inspection of patterns and Casting 
cutting the castings away from the for imperfections. 
sprue and a sander for removing the 


sprue stumps from the casting to LABORATORY CONTROL 


give a surface flush with the casting. The section dealing with the prin. 
Figure 20 shows the gaging of ciples of precision casting has illys. 
castings for dimension as well as the trated the interdependence of the 
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Fic. 20—Gacinc AND INSPECTION OF PATTERNS AND CASTINGS. 


physical units of length, mass, tem- 
perature and time. The successful 
production of precision castings de- 
pends upon proper control of these 
factors. 

(1) Precision entrails — means ‘or 
assuring reproduction of con- 
tions (mass, temperature and 
time). 

(2) Accuracy entails—knowledge 
of dimensional (length) 
changes of all materials used. 

The illustrations (Figs. 14 to 20) 
show the ever presence of instru- 
ments and apparatus to measure and 
automatically control the conditions 
necessary for precision. 

The maintenance of accuracy has 
its foundation in the research and 
control laboratory, where the physi- 
cal properties of all materials are de- 
termined and standards maintained. 
The most important properties in- 
clude setting and thermal expansion 
measurements (dilatation). 

Figure 21 shows a precision mi- 
crometer comparator. In the illus- 
tration, a V-shaped trough is filled 
with a mixture of investment in the 
plastic state and metal markers are 
set therein about 10 in. apart. The 


micrometer microscopes are focused 
thereon, and the expansion on set- 
ting is followed and measured in 
units of 0.000005 in. per in. of speci- 
men length. 

This comparator also is used to 
measure expansions near room ten- 
perature of materials, such as waxes. 
A controlled constant temperature 
water bath is used instead of the 
trough. The curves in Figs. 2 and 3 
were determined on this instrument. 

Figure 22 shows Bureau of Stand- 
ards type dilatometers for measur- 
ing thermal expansion by the fused 
quartz method. At the left is a 
dilatometer with fused quartz tube 
assembly. The expansion (and con- 
traction) of the specimen during 
heating is indicated on the dial gage 
in terms of 0.00001 in. per in. of 
specimen length. In the center of 
the illustration is a potentiometer 
pyrometer for measuring tempera 
ture by means of thermocouple wits 
attached to the center of the spect 
men. At the right is another dilato- 
meter, also an exact replica of that 
used at the Bureau of Standards. 
The data for Figs. 3 to 7 were de- 
termined on these dilatometers. 
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Fic. 21—Precision Micrometer Comparator. Tue “‘V’’ Troven Is Fittep witrn Prastic InvestMENT 
MIXTURES. 
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Appendix | 


PATTERN Wax FORMULAE 


No. 1 Per Cent 
Paraffin (55° C.) 60.0 
Carnauba 25.0 
Ceresin 10.0 
Beeswax 5.0 
No. 3 
Paraffin (120° F.) 30.0 
Carnauba 30.0 
Ceresin 20.0 
Beeswax 10.0 
Damar 10.0 
No. 5 
Diglycol Stearate ‘“S” 16.5 
Acrawax ‘“‘B” 19.5 
Beeswax 22.0 
Ceresin 42.0 
No. 7 
Ozokerite 61.0 
Paraffin 29.0 
Rosin 10.0 
No. 9 
Beeswax 67.0 
Rosin 33.0 


Venice turpentine (small amt.) 


NoTEs: 
Formulae 


The above formulae were found in references 


1 to 4 are recommended for dentists’. 


No. 2 , 
Paraffin wae 
Stearic Acid 43.0 
Damar 43.) 
Beeswax 6.0 
Tamarack 40 
No. 4 
Paraffin (70° C.) 350 
Carnauba 10.0 
Beeswax 55.0 
No. 6 
Paraffin 10.0 
Carnauba 40.0 
Beeswax 10.0 
Rosin 40.0 
No. 8 
Ceresin 70.0 
Beeswax 30.0 
No. 10 
Beeswax 1 Ib. 
Venice turpentine 1 oz 


Glycerine (few drops) 


8 and*, also in catalogs and from private sources 


Formulae 5 to 10 are recommended for jewelers and precision casters. 





Appendix II 


INVESTMENT FORMULAE 


No. 1° Per Cent 
Plaster of Paris 30.0 
Silex (powdered) 70.0 
No. 3° 


Plaster of Paris 50.0 
Powdered mica 25.0 
Marble dust 25.0 








No. 5” 

Plaster of Paris 30.0 

Cristobalite 50.0 

Tridymite (and silica) 20.0 

No. 7” 
Calcined gypsum 80.0 
Asbestos fiber 20.0 
No. 9” 

Silica 67.0 
tetraethyl silicate 8 worl 
water 1 vol. 

Liquid; ‘33.0 
alcohol 1-2 vol.| 
hydrochloric acid 

(few drops) 
Notes: Numbers of above formulae refer to type. 


Formulae 1 to 3 are old types of dental investments of low expansion. 
i i Formulae 7 and 8 are mixtures for p 


types dental investment of high expansion. 


No. 2° Per Cent 
Plaster of Paris 52.0 
Marble dust 16.0 
Graphite 16.0 
Soapstone (powdered) 16.0 
No. 4° 
Alpha gypsum (21) 30.0 
Silica (200-400 mesh) 62.0 
Andalusite (fine) 5.0 
Alundum (fine) 1.0 
Boric acid 2.0 
No. 6” 
Calcined gypsum 30.0 
Silica 69.0 
Strontium chloride 1.0 
No. 8" 
Plaster of Paris 60.0 
Silica 25.0 
Tale 15.0 
No. 10” 
Silica 90.0 
Magnesia 6.0 


Monobasic ammonium phosphate 3.0 

Monobasic sodium phosphate 

Liquid—water or 10 per cent hydro 
chloric or nitric acid 


Formulae 4 to 6 are new 
laster casting. For- 


mulae 9 and 10 are investments for stainless high fusing alloys. 
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DISCUSSION 


Presiding: A. K. Hicorns, Allis-Chalmers Mfg. Co., Milwaukee, Wis. 


Co-Chairman: NATHAN Janco, Centrifugal Casting Machine Co., Tulsa, Okla. 


Member: What is the production rate for one machine on typical industrial or ord- 


nance parts 


Mr. Nerman: The production rate for one machine and about 10 unskilled operators, 


tk 


24-hr. day. 


{ the casting does not weigh over 2 oz., is one casting per min., or 1500 castings per 


Member: How large a casting is it practical to make with the investment molding 


process ? 


Mr. Nermman: So far, castings have been made weighing up to 5 lb. Due to burnout 


nace size limitations, we have confined ourselves to molds of not over 5-in. maximum 
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diameter, or length. In the same furnace space we could get one 5-lb. casting o; about 
45 one-oz. castings. Our demand has been for small, intricate shapes rather than siz, 


Co-CHAIRMAN JANCO: I might mention that some castings are being made that weigh 


over 100 Ib. 


MEMBER: Do you use tridymite or cristobalite? 


Mr. Nerman: Cristobalite is used by some concerns. We do not use either. 


Memser: As far as I know, this paper presents, for the first time, various technical 
data in sufficient detail to put precision casting on an engineering basis. A recent 
instance in precision casting is the die casting of ordinary zipper fasteners. The die jp 
which the zippers are cast is made by powder metallurgy. The mold, into which th 
iron powder is pressed to make the die, is precision cast. 


J. W. Juppentatz’: What are the size limitations, at the present time, on investment 
steel casting? Also, is it feasible, in the larger steel castings, especially those of thick 
section, to use static casting in a manner which is comparable to the regular foundn 
molding and casting practice? 

Mr. Neman: As to the adaptability of investment for steel castings, at present steel 
castings usually are of small size and investments are somewhat costly. Investments 
usually have high expansions and low heat conductivity, so that, in heating, one part of 
the mold usually will be hotter than another, and mold cracking will result. 


Investments are of low permeability and are not well adapted to static casting. In 
fact, the success of investment casting is due to the fact that pressure (direct or centrifu- 
gal) is used. Also, investment molds are used hot or vented to increase metal flow. 


Investment molds are used for casting by vacuum, pressure, or centrifugal (about its 
own or an exterior axis) means. Combinations of these are possible. 


I believe that it is safe to say that investments can be made to suit any reasonable 
need. Such problems usually entail persistent work and close cooperation between the 
investment maker and the foundry. 


Memeser: How is the slag prevented from going into the mold? 


Mr. Nerman: Usually, the slag is lighter and, in a centrifugal casting, remains behind; 
in pressure casting it remains on top of the metal. 


MEMBER: The investment material can be used but once? 


Mr. Nerman: The investment material can be used but once; so far this is true. 
However, with expensive investment materials, no doubt, some reclamation method can 
be developed. Of course, by using the investment but once we do not have to worry 
about change in cavity dimension due to build up of dies, as is true with permanent 
molds. Investments are comparatively inexpensive, or will be when the demand becomes 
larger. 


To go a step further: one of the good features of investments is the fact that they 
form a one-piece mold encasing many intricate patterns (a stack mold in one piece) ; 
as such, the mold must be broken apart to recover the castings. If investments be used 
in split molds (cope and drag) wherein the casting can be removed, it has been possible 
to use some investments several times. 


MEMBER: One organization is using a silica flour for the immediate refractory next to 
the part to be cast. Is that straight silica flour or does it contain ingredients? 


Mr. Neiman: Silica flour in itself would have no strength and it must have some 





1 Lebanon Steel Foundry, Lebanon, Pa. 
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binder. That is, even in foundry work we have to use clay or some other material to hold 
the silica together. 

Memser: It is in the form of a paste. Would that be just a straight water mixture 
or would this paste have a chemical binder? 

Mr. Nermman: It would have a chemical binder of some nature. I might state that 
the strength of the investment usually is about 400 psi. at 1200° F. That varies quite 
, bit. Some investments are strong and some weak, depending upon the nature and 
mount of binder. 

MemBer: Can normal sources of water be used in this process? 

Mr. NermmAN: Investments are now on such a basis that the effects of normal impuri- 
ties in water are negligible. 

MemBER: Have you had any experience excepting in brass? 

Mr. Nerman: We have done most of our work on producing parts that had original 
specifications for machined yellow brass of 50,000 psi. tensile strength and 30 per cent 
Jongation. To meet this, alloys had to be chosen that would give 50,000 psi. and about 
) per cent elongation in the “as cast” state. Investment castings produce about the 

» strength as sand castings, although the metal will cool a little more slowly in 


investment, but if necessary the investment can be broken away a little more quickly. 


Manganese bronzes work very well. Aluminum bronzes have worked well. High-copper 
loys do not cast well in plaster, nor do high-lead alloys, but there are special invest- 
ments being made to take care of that. Platinum is cast in dentistry. It has a melting 

int of 3500° F. In the case of brass, we usually use the ingot to start with. The 
furnace charge is about 17 lb. and pouring is continuous. 

We have had very little experience with steel casting, commercially. Research work 
hows that steel has a tremendous affinity for refractories (investments) and much work 
will have to be done to secure the smooth surface we desire. Work to date indicates that 
such smooth-cast surfaces can be secured and that the investment can be removed without 
sand blasting, which dulls sharp edges. 








Design and Safe Operation of Centrifugal 
Casting Machines 


By JAMes G. WeBER*, MILWAUKEE, WIsc, 


Abstract 

While the practice of centrifugal casting was first instigated at the 
beginning of the nineteenth century, it did not come into popular usage 
until the early 1920's when the process was begun to be widely used for 
the production of symmetrical parts such as gears and cylinder liners. 
However, only a few people have carried the practice into a wide and 
variable field, chiefly because of the inherent problems and dangers 
connected with the process, as well as the wide divergence from the 
field of static casting. Since 1930 there has been a diligent investiga- 
tion by some foundries into the application of centrifugal force as a 
pressure medium for producing sound castings, both in the centrifugal 
field as well as in centrifuging. These investigations, however, were 
and are usually carried on with a mind toward quality, quantity, and 
low cost, with a pitiful disregard of the tremendous destructive forces 
which are hidden within the spinning equipment. Too often has 
management learned of these forces at the cost of human life or the 
burden of a hopeless cripple. It is the purpose of this paper to bring 
to light some of these hidden forces. 


CENTRIFUGAL CASTING EQUIPMENT DESIGN 


1. The company with which the author is connected began its work in 
centrifugal casting in 1927. While methods at that time were extremely crude, 
the need for safe operation was soon recognized. Centrifugal equipment was 
not designed on a basis of engineering principles, chiefly because there were 
few precedents in the field, lack of personnel, and the amount of literature 
available negligible. But withal, the machines were guarded as well as pos- 
sible to the extent deemed necessary, and sometimes beyond safety require- 
ments. This policy has proved itself by the few injuries resulting from cen- 
trifugal casting, there being no fatal accidents and only one permanent injury. 

2. Safety Standards: With the advancement of research into the values 
of centrifugal casting, the machinery requirements were analyzed and incor- 
porated into the equipment, safety always being the chief factor of design 
We feel, therefore, that the units used at present are the most adaptable for 
our needs, as well as giving full protection to the operators. The machines 
are checked frequently, even when running smoothly, and the men in charge 
have somewhat of a sixth sense which forewarns them when danger 's 
approaching. 

* Ampco Metal, Inc 


Nore: This paper was presented at a Centrifugal Casting Symposium Session of the 48th Annual 
Meeting, American Foundrymen’s Association, Buffalo, N. Y., April 27, 1944 
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maintain such standards, the author’s company designs and super- 
construction of all its own centrifugal casting machines. The design 
ot planned from a standpoint of how the machines should operate, but 
how they will operate when turned over to production. 
4, Centrifugal Force: First of all, there is the potential energy of cen- 
wifugal force, mathematically expressed as mw*r, or 
72 
c 
m 
r 


»’ being the angular velocity in radians per second; ‘v’ the tangential velocity 


in ft. per sec. at the radius considered; ‘m’ the mass of the body, which is 


the weight in lb. divided by the gravitational acceleration; and ‘r’ is the radius 
from the center of rotation to the center of the mass, measured in ft. 

5. Whenever a mass rotates the centrifugal force is always present and 
increases directly as the square of the rpm. and directly as the length of 
the radius. 

6. Putting the meaning of these mathematical terms into more familiar 
jjtuations, we can better understand the monster with which we are dealing. 
Suppose the cover of a mold is held down with a number of %-in. bolts 
spaced equally on a 20-in. bolt circle, and assume that the mold is rotating 
at 1500 rpm. Each of these bolts would weigh the equivalent of 639 Ib. 
[his represents a terrific strain on the cover and mold. Likewise, if the die 
were of 20-in. diameter the bursting strain on the mold drum would be 5600 
psi. while the metal was molten, which is the critical period in the casting 
cycle. Beware then of thin-walled mold drums, or the metal will burst 
through with volcanic force and destruction. 

7. Velocity: Another force seldom considered is the velocity developed 
in the parts of a rotating mass. Returning to our cover bolts, if one of these 
were to break loose the destructive force would be the equivalent of dropping 
| building brick on a man’s head from a height of 16 ft. 

8. Centrifugal dies should be centered and dynamically balanced as much 
s possible. This is true not only from a casting angle to obtain concentric 
bores, but also from a standpoint of safety. Assume that a 100-lb. casting 
2) in. long is poured into a die which is ¥-in. off center. The unbalanced 
iorce at 1500 rpm. would cause a bending moment of approximately 25,000 

lb., which is approaching the safe limits of a 3¥2-in. shaft without even 
onsidering dead load and shock load. Also, an additional 1600-Ib. load is 
placed on the bearing. These conditions, of course, will vary considerably 
with the individual type of construction, but they give an average cross 
ection as to what may be expected. 

4. Essentially, a centrifugal casting machine should incorporate all the 
alety factors possible, based on a thorough knowledge of dynamics and statics. 
in the main, shafts need be designed only for bending, as the torque usually 
‘insignificant in comparison to the bending moment. As an example, an 
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instance may be cited where the spindle shaft measures 4 in. in diameter 
while the motor shaft is of only 34-in. diameter. For the same reason. jt 
seem odd to see two “B” section V-belts driving a 334-in. shaft. 


will 


10. Bearings: Because of the difficulty in aligning dies and molds cop. 
centric with the center of rotation, ball or roller bearings are superior ¢ 
sleeve bearings. The lubrication problem is also simpler, as sealed bearings 
a practical necessity in a foundry, can be used. Sleeve bearings allow | 
much vibration in this type of work. 


OO 


11. Vibration: Critical vibration speeds should be kept quite low, to avoid 
the possibility of operating at or near a critical point. 

12. Some work has been done on self-centering molds, which type allows 
the entire unit to rotate about the center of gravity. Such applications hay 
been successful in the case of wash driers, flour sifters, sand sifters, and sugar 
centrifuges. But, in handling a material such as liquid metal, it is the author’ 
opinion that a firm foundation is far superior, as this type of constructior 
tends to dampen vibration and prevent eccentricity from developing furthe: 
It would also be difficult to make a thin-walled casting on a freely-mounted 
spindle. Dry packing of foundations rather than pouring is also a superiot 
method of obtaining rigid footings. 

13. Heat Warpage: Warpage of the various parts of a centrifugal casting 
machine is probably the largest source of danger. This effect, due to th 
heat involved, can distort a shaft during operation in such a manner that 
the entire load is shifted. Considering our calculations of centrifugal fore: 
we can readily see that the bending moment is immediately increased, and 
this produces still more deflection. The action, therefore, is cumulative and 
rapid, usually ending in a broken shaft or a shattered bearing. To prevent 
this danger shafts can be cooled by various means, such as air fins or water 
circulation. Warpage also causes danger in that metal creeps under covers 
and between partings, spraying the surrounding area. 

14. Whenever possible, centrifugal dies should be self-centering. This 
can be accomplished by various methods, such as rotating rings, tapers, et 
The advantage obviously lies in the fact that the casting will be symmetrical 
and the mechanical stresses less. 


15. Centrifuging: Centrifuging presents problems similar to centrifugal 
casting, but different in detail. It is sometimes possible to locate the casting 
so that part is centrifuged and other parts a true centrifugal. In other cases 
the entire casting lies on one side of the center of rotation. This is truly a 
centrifuged casting, and depends upon centrifugal force to merely cast unde! 
pressure, similar in effect to die casting. For centrifuging, much less angula! 
velocity is required, which is a distinct advantage. In some cases, the die 1s 
counterbalanced to offset part of the unbalanced weight. More often, 


number of castings are placed symmetrically about a common sprue. Phis 
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balances the setup, but also increases production, provided, of course, 


icacies of molding do not slow down the operation. 


TyYpEs OF CENTRIFUGAL CASTING UNITS 


i6. Figure 1 represents the general type of casting machine used for 
‘cht work. It shows the bearing housing completely sealed, which eliminates 
il erit and dust. This type of unit can be swiveled at A, B, or C to provide 
, variable pitch to the axis of rotation. The drive can be electric, hydraulic 
pneumatic, belted or direct coupled. For production setups constant speed 
- cuffic ient, but for jobbing variable speed is necessary. A circulating oil 
lubrication system will help materially in cooling the bearings and the shaft. 
\lso, the proper design of face-plate will set up a cooling stream of air. 

17. In an instance where one of these units was operating in a vertical 
position, a screwed cover broke loose and sailed like a phonograph record 
across the room. Luckily, there were no heads in the way, and the 10-Ib. 
cover spent itself by bouncing on the floor and rolling into a pit. The metal 
had already frozen, so there was no splash. But in one other instance, when 
erating horizontally, a ring of metal 10 in. in diameter which had formed 
on the cover tore loose and aimed itself at the operator’s face. He turned 

back but was hit on the hand, badly ripping the flesh. In another case, 
the die holder split in half radially, but a serious accident was averted because 
the metal had frozen and acted as a pin. There have also been cases where 
the mold exploded due to moisture, an inexperienced man poured metal into 
a mold that was already filled, and so on. But these incidents usually result 
inno damage, due to the guards which encase the spindle. 

18. Figure 2 shows another variation of a spindle mounting. These bear- 
ings are grease lubricated and sealed against dust. Units of this type are used 
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y9*¥ CenTRIFUGAL CasTING MACHING SHOWING SPINDLE MOUNTING Tuts Type or 
Usep ror Castincs WeicHinc Up to 1200 Ls. 


Fic. 2—Virw 


for castings weighing up to 1200 lb. Serious consideration must be giv 
the bearing just back of the face-plate. This bearing is carrying double th 
load of the tail bearing. Care must also be taken that the tail bearing doe 
not lift off the foundation, or lift the foundation with it. The force on thi: 
bearing is up, and not down. 

19. The unit represented in Fig. 3 is designed for pouring a casting fro: 
each end. It is a foreign design and, theoretically, highly efficient. But 11 
practice, dangerous vibrations travel back and forth along the shaft. Vibra- 
tion generally is bad. In the east, one of these units was being used. During 
the pouring of a casting, one of the face-plates vibrated off, threw the oper- 
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stor on the floor, and poured the half-finished casting around him. He man- 
call to flounder out, but died shortly afterward of burns. 

"90, Figure 4 shows a type of unit which is called a cradle machine. Most 
foundrymen have seen this type of unit. It is comparatively the safest con- 
struction, even when used without the upper set of rollers, which is sometimes 
done when the casting is long in comparison to the diameter, and the speeds 
are conservative. 

9] (hese units are more or less limited to horizontal work, as thrust offers 
. serious problem when mounted at an angle over 7° from horizontal. How- 
ver. this general construction can be used in vertical work, also. 

22. Figure 5 shows a very common method of attaching a face-plate to 
. shaft. These face-plates frequently become loose due to heat. They usually 
ie held in place with setscrews, one being located over the key. 

23. An improvement that might be suggested is putting webs on the face- 
late. This will materially strengthen the plate and also act as a fan for 
ooling. Another suggestion is to drill the shaft and use a dog-point set- 
screw. This will at least keep the face-plate from sliding off, even if it does 
pecome loose. 

24. A taper fit, such as shown in Fig. 6, has been found much more 
satisfactory. The face-plate is heated lightly, and then pulled tight by means 
fan end plate and tap bolts, the end of the shaft being drilled and tapped. 
rhe tap bolts are locked with a wire ring sewed through holes in the bolt 
head, or lock washers can be used. With this construction, as the face-plate 
heats up it expands back along the taper, automatically tightening itself on 
the shaft. The author has never had one of these plates become loose due 
to heat. 

25. When using such fits, it must be kept in mind that the included 
angle must be 7° or less to obtain a self-locking taper. It is also necessary 
to have at least 1/16-in. clearance between the key and the keyway in the 
hub. Otherwise, there is danger that the hub will ride the key instead of 
the shaft, if not carefully fitted. It usually is advisable to lock the key to the 
shaft by means of countersunk or flathead screws. 
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Fic. 5—Metruop or Attracuinc Face-Piate to a SHart. 
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Fic. 6—Taper Fir Metuop or ArracninG Face-Piate to Sart. 


26. Figure 7 shows a section of the heaviest vertical machines used by 
the author’s company. This section was selected to show an analysis of 
forces. First, let us look at the illustration at the lower left-hand corner. 
We all know the great lifting and dividing force of a wedge. A light blow 
of a hammer, or a force *W’, will exert a lifting or splitting force ‘F’, depend- 
ing on the angle 6. Now if we look at the face-plate, we see that the weight 
placed on the face-plate exerts a large breaking stress on the hub. Here 
again, we must carefully balance the taper against the strength of the hub, 
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serious rupture will occur, resulting in an accident. Such considerations 
ssually are taken lightly, but they can be serious. It is advisable to have 
engineers design the machines, and not a foundry foreman who is not 


iliar with centrifugal casting. 


CONCLUSION 


In conclusion, we again urge caution. Do not look upon centrifugal 
as a panacea for casting problems. Centrifugal casting and cen- 
tifuging have their field, but there are still the majority of castings which 
ust be made statically. No matter how carefully we plan, build and operate, 
ve can always expect a slip-up somewhere. Once we had a cover lift off a 
irge casting being poured vertically. The metal sprayed out radially, leaving 
highwater mark all around the vicinity, and sent two men to the hospital. 
another case, not at this plant, a vertical shaft bent and, as the machine 
twirled, the metal was thrown out of the cover hole. At the same time, 
the ladle was held away by the rapid blows of the mold. But when the 
speed dropped, the ladle swung in, and was promptly knocked over. 
28. In our most serious accident, a 900-lb, die broke. The machine was 
not damaged, but the half-ton guard was thrown against a man with such 
force that he was knocked across to the next machine, where the cover had 
ist been taken off a red hot casting weighing 500 lb. The man is still with 
us, although he was hospitalized for nearly three months with both jaws 


broken and his stomach burned. We cannot be too cautious. The old adage 


that familiarity breeds contempt is sadly true in the case of centrifugal 
‘quipment. We can carefully plan our operations, but no one as yet has 


ved the human equation. 
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DISCUSSION 


Presiding: A. K. Hicoins, Allis-Chalmers Mfg. Co., Milwaukee, Wis. 

Co-Chairman: NATHAN JANCo, Centrifugal Casting Machine Co., Tulsa, Okla 

r. R. WALKER, Jr At what section of the casting is the centrifugal force ordinar; 
determined ? 

Mr. WEBER: In determining the pressure in centrifugal work, we figure about 45 1 
55 G’s. It is not necessary to have that much force in centrifuging, 10 to 20 G’s being 
considered sufficient The force itself is generally taken arbitrarily at the center oj 
mass. It is my opinion that the center of mass is probably the average cross section of 
the effect of the entire piece 

Mr. WaLkKeER: Are you talking about centrifuging or centrifugal casting? 

Mr. WEBER: Either one. 

Mr. WALKER: In centrifugal casting, if there is a heavy section, is it not necessary 
to determine the speed from the inside diameter rather than from the mean diameter? 
Is not the problem to hold the metal up at the smaller diameter? 

Mr. Weser: If we figure approximately 55 G’s at the radius of gyration, that will 
give us approximately 1500 ft. per min. at the radius of gyration for a 4-in. radius 
There will be plenty of speed to hold the metal up. As far as I know, it does no good 
to overrun the speeds on the machine. An extremely high rate of speed will not increase 
the density of the casting. 

Co-CHAIRMAN JANco: In vertical true centrifugal castings, the taper of the insid 
diameter is a function of the speed. It is just a mechanical process. Seventy-five G 
is approximately equivalent to a slope of the inside diameter of %-in. per ft. 





1 Warren Pipe Co. of Mass., Inc., Everett, Mass. 





The Influence of the Centrifugal Process on the Physical 


Properties of Some Non-Ferrous Alloys 


By W. W. Epens* anp J. F. KLEMENtT*, Mi_waukeEE, WIs. 


Abstract 


This paper presents the data obtained in tests made with various non- 
ferrous alloys, sand cast, centrifugally cast and forged. The authors 
consider densities, chemical analyses, microstructures and tensile test 
values in their study. There are photomicrographs to show the variations 
in the microstructure and tables to show the differences in analyses and 
physical properties. The authors arrive at definite conclusions regard- 
ing densities, chemical analyses, grain sizes and physical properties. 


INTRODUCTION 


|. The purpose of this paper is to discuss the influence of the centrifugal 
casting process on the metallurgical properties of various non-ferrous copper 
base alloys as compared to other methods of manufacturing, primarily sand 
casting. The discussion and data are limited to true centrifugal castings and 
do not include the method more generally known as the centrifuge process. 


2. Previous workers have described centrifugal processes and design, but 
little information has been available on the metallurgical considerations of 
copper base alloys as they are influenced by the centrifugal process. 

3. The data, which is to be reported from the metallurgical aspect, include 
densities, chemical analyses, microstructures and tensile test values. 


TESTING PROCEDURE 


4. The procedure followed in testing was as follows: 

(1) All test material was taken from the same melts for each type 
of composition and alloy. Positions of physical tests and chemical 
samples are shown in Fig. 1. 

(2) All tensile testing was performed in accordance with A.S.T.M. 
(E8-40T). Yield strengths were taken at 0.5 per cent elongation 
under load. An extensiometer sensitive to 0.0001 in. was used. 

(3) Much of the data was taken froin production records with 
isolated cases, however, being taken from special heats. 

(4) All photomicrographs were taken at 100 diameters. 


*Chief Metallurgist and Asst. Chief Metallurgist, respectively, Ampco Metal, Inc. 
Nore: This paper was presented at a Centrifugal Casting Session of the 48th Annual Meeting, 
\merican Foundrymen’s Association, Buffalo, New York, April 27, 1944. 
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Fic. 1—View or Type or Castine Usep ror Tests. A—Section or Rinc Usep ror Verticat Test Bas 
B—Section or Rinc Usep ror Horizontat Test Bar. C—Sectrion Drittep ror CHEMICAL ANALYsis oF 
Oursiwe Surrace. D—Secrion Drititep ror CHEMICAL ANALYSIS OF INSIDE SuRPACE 


DISCUSSION 


3. In considering the centrifugal process, in which molten metal of various 
types and compositions is poured into a rotating mold, it is logical to suspect 
that certain of the metallurgical properties in the product may be favorably 
or unfavorably affected. The most significant properties and those which the 
authors wish to evaluate herein are density, variation in chemical analyses at 
various points, metallographic structures and tensile test values. 


Density 


6. Relative densities of the various alloys tested for sand and centrifugal) 
cast material are shown in Table 1. As a matter of fact, when material is 
properly produced there is little difference in density between sand cast, cen- 
trifugally cast, chill cast, and forged material (50 per cent reduction), as is 
shown in Table 1. Actual density or weight per unit volume varies more 
with composition than it does with method of fabrication, as witnessed by 
the fact that in an aluminum bronze alloy conforming to QQ-B-67la, class C, 
the density with 10.5 per cent aluminum is 7.51, and with 11.2 per cent 
aluminum it is 7.40. 


7. Perhaps the greatest factor influencing density in any casting is the 
establishment of directional solidification and proper feeding ahead of solidi- 
fication. The macrostructure shown in Fig. 2 is an excellent example of a 
section of a centrifugal casting of Navy “M” composition, in which proper 
directional solidification did not occur, resulting in the densities as shown. 
The centrifugal process will, by its very nature, if properly controlled, produce 
more uniform densities than can be achieved in static castings. The molten 
metal flows against the mold wall under relatively high pressure, thus assuring 
good thermal conduction to the mold surface and the abstraction of heat at 
rates which can be varied with mold material at that surface, thus initiating 
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Table 1 
GRAVITIES OF VARIOUS Non-FERROUS ALLOYs (ONE-IN. SECTIONS) 


Specific Gravity at 20° C. 
Sand Centrifugally Chill 

Specification Cast Cast Cast Forged 
S.A.E.-68B 7.58 7.59 
QQ-B-671la, Class / 7.66 
QQ-B-67 la, Class 7.50 
QQ-B-726a, Class . 8.28 

IQ-B-726a, Class i Bey 
Navy “M” 8.90 

Navy “G 8.90 
85-5-5-5 8.90 

2 Cu, 22 Pb, 6 Sn 9.28 9.29 

#8 Cu, 1.5 Ni, 0.5 Be 8.82 8.85 
QQ-B-671a, Class C 7.47 7.48 7.47 7.48 
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rogressive solidification and forcing impurities, gas and oxides ahead of 


rystallization. 


il Analysts 
8. Table 2 shows the chemical analysis of materials used in these tests, 
ncluding those samples taken from outer diameters and inner diameters of 


st rings, as shown in Fig. 1. 


In solid solution type alloys, there seems to be no effective difference in 


MACROSTRUCTUKE OF A Secrion oF A CeEntRIFUGAL CasTiINc oF Navy ‘“‘M” Compos!Tion IN 
Wuicu Proper DirecrionaL Soumirication Dip Nor Occur. Norte Dirrerence in Density. 
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vetween the outer diameter and the inner diameter, even in excep- 
“jonally heavy wall thicknesses. However, in alloys having separable com- 
nents, such as high lead alloys, some difference will be found between the 
outside diameter and the inside diameter, with the lead, due to its heavier 
weight, tending to go to the outside under centrifugal force. However, this 
difference can be greatly minimized by the use of proper mold materials and 
designs, although certain limitations will always remain in heavy wall! thick- 


nesses or irregular sections. 


Metallographic Structures 

i0. Nothing can illustrate the benefits of rapid and progressive solidifi- 
cation as well as the structure of an alloy as disclosed by the microscope. 
Photomicrographs taken at 100 diameters help to bear out the fact that good 
values are obtained from a well solidified section of metal. This controlled 
wlidification responds differently under various conditions, such as variations 
in mold materials and temperatures. Figure 3 shows an aluminum bronze 
alloy, QQ-B-67la, class A, in three conditions: sand cast, centrifugally cast 
and forged. Alpha is present in a beta matrix. The sand cast material, where 
practically no chill existed, displays almost 100 per cent alpha, while beta 
increases as the rate of chill increases from below the solidification temperature. 


\1. Figure 4 shows an aluminum bronze alloy SAE-68B (as cast). The 
size of alpha in the cast condition of this alloy is controlled by the cooling rate 
from approximately 1700° F. The forged sample of this alloy definitely shows 
that the material was chilled by the forging die. The centrifugally cast mate- 
rials, when considering microstructures from the cast state, are more easily con- 
trolled for the smaller sizes of castings than either forged or sand cast material. 
[his is true because of the flexibility of die materials insofar as heat extrac- 
tion rates are concerned. However, limitation of mold design offers a draw- 
back to its general use. 

12. Figure 5 shows QQ-B-67la, Class C, another aluminum bronze alloy. 
lhe cooling rate from solidification in this case made the centrifugal cast 
material finer, in both grain size and alpha particles, than either the sand cast 
or forged. material. 

13. Navy “M,” 46-B-8G alloy, can be seen in Fig. 6. The sand cast and 
the centrifugally cast structures differ greatly in this material. It is common 
in tin bronze to have such a difference in the photomicrographs, especially in 
small sections. This difference does not exist as pronouncedly in sections of 
over 2 in., as is shown in Fig. 6. 

\4. When lead appears in alloys, chilling helps to keep the lead globules 
small and evenly distributed if the sections are not too large. Figure 7, which is 
46-B-23C (85-5-5-5) alloy, represents a casting of equal cross section for both 
the sand and the centrifugal material. The distribution of lead can very 
easily be seen in both specimens. 
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Fic. 7—PxHotomicrocrarH oF 46-B23C (85-5-5-5) Marertar. Lerr—Sanp Cast. RicHtT—Cenrrirvoaity 
Cast. Maconirication X100. 


15. When the tin increases (Fig. 8) as in alloy 88-10-2 (46M-6G), a 
marked decrease in the size of the delta network can be seen in the centrifugal 
casting structure as compared to the structure of the sand cast material. The 
or | fine distribution of delta network helps to increase the hardness of the cen- 

trifugal casting. 


16. Another example of grain and phase refinement can be seen in Fig. 9. 

Here a low tensile manganese bronze alloy of the QQ-B-726a, class A type, 
| shows a comparison between a sand cast, a centrifugally cast, and a forged 
| material. The centrifugally cast structure is chilled and is finer than the sand 
A cast material. However, the forged material, due to being chilled in forging, 
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Fic. 8—PxoromicrocrarH or 46M-6G (88-10-2) Marermat, Lerr—Sanp Cast. RicHt—CeEnTRirvGally 
Cast. Maconirication X100. 
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has smaller alpha particles but larger grains. The structure of the centrifugally 


+ material was superior in physical properties to both the sand cast and the 
cas hic sae . . . 
toed materials. ‘This was true only because of the desired distribution and 


ize. of both constituent and grain, which was obtained. 
17. The same condition as is shown in Fig. 9 exists in Fig. 10, which shows 


. high tensile manganese bronze alloy of the QQ-B-726a, class C, type. 


Test Prope rties 


A comparison of physical properties between sand and centrifugally 
st alloys, as shown in Table 3, will further bring out the intrinsic value of 
ntrolled directional solidification and the desirable metallographic structures 


h are native to properly produced centrifugal castings. 


ynuici 
9. Variations in physical properties can exist in the same casting when 
. centrifugal process is used. This variation can exist from the outside to 
center in a large casting, or can exist, but not very noticeably, in the 
al and horizontal directions as related to the axis of rotation when 
ting a regular cylindrical-type casting (Table 4). This variation in the 
hysical properties of centrifugally cast material is very small when compared 
the variation in wrought material, where the directional properties are pro- 
inced and, frequently, are adverse for the application. Table 4 shows an 
minum bronze material having this condition. 


Table 3 


\OMPARISON OF PHYSICAL PROPERTIES OF CASTINGS—1!4-IN. SECTIONS— 


SAND AND CENTRIFUGALLY CAST 


Tensile Yield Elongation Reduction 

Method of Strength, Strength, in 2-in., of Area, 

Specification Casting* pst. psi. per cent per cent 
§.A.E.-68B $.C. 71,000 28,000 30.0 31.0 
C.c 77,600 31,775 39.3 33.9 
QQ-B-67la, Class A S.C. 79,200 28,900 39.8 39.5 
C.C, 87,600 32,200 40.1 42.5 
QQ-B-67la, Class C 2. 83,600 35,200 12.3 11.2 
C.C. 97,100 37,800 16.7 17.3 
QQ-B-726a, Class A S.C. 71,700 26,400 30.3 30.1 
C.C. 77,500 33,200 37.2 38.0 
QQ-B-726a, Class C $.C. 111,500 70,500 15.0 19.5 
C.C., 120,250 73,300 22.6 28.6 
Navy “M,” 46-B-8G S.C, 41,430 21,140 39.3 32.5 
C.C, 48,775 21,200 60.6 40.1 
Navy “G,” 46-B-5H $C. 46,675 23,900 24.8 27.8 
Cc.c. 51,500 27,100 55.0 53.5 
#-B-23C S.C. 35,680 19,460 24.4 22.7 
C.C, 51,250 24,800 42.0 41.0 


*S.C.—Sand Cast, C.C.—Centrifugally Cast. 
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Table 4 
VERTICAL AND HorizoNTAL PHYSICAL PROPERTIES 


Specification 


Centrifugal (36-in. Dia., 4-in. Section* ) Vertical Horizontal 
QQ-B-671a, Class C Tensile strength, psi. 91,000 87,000 
Yield strength, psi. 37,500 37,000 
Elongation, per cent 13.5 11.0 
Reduction of area, per cent 13.0 10.7 
QQ-B-726a, Class C Tensile strength, psi. 122,000 114,000 
Yield strength, psi. 67,500 67,000 
Elongation in 2-in., per cent 23.0 21.0 
Reduction of area, per cent 22.7 23.4 
Navy “M” Tensile strength, psi. 50,500 48,000 
Yield strength, psi. 27,500 27,500 
7 Elongation in 2-in., per cent 26.0 23.0 
Reduction of area, per cent 24.0 24.0 


Wrought (4-in. Dia.) 


QQ-B-666, Grade B Tensile strength, psi. 78,000 82,000 
Yield strength, psi. 32,500 36,500 
Elongation in 2-in., per cent 21.5 35.0 
Reduction of area, per cent 22.3 37.0 
CoNCLUSION 


20. No appreciable difference exists in the densities between a good sand 
cast and a centrifugally cast material. Discrepancies which exist can be 
attributed more often to variations in chemical analyses than to densities when 
comparing sound sand cast and centrifugally cast material. Generally, it may 
be said that a centrifugal casting has greater density than a sand casting when 
the casting is considered as a whole, and then only because of the feeding 
difficulties encountered in the sand casting. Where sound metal is provided 
by either method, there is no appreciable difference in density. 


21. In ordinary sections, no noticeable variation in chemical analyses exists 
in solid solution type alloys. However, alloys which include lead will show 
some variation in chemical analyses between the outside and inside wall sur- 
faces. This variation will increase as the wall thickness and percentage of lead 
in the alloy increases. Normally, no change in the usual analysis of any 
specific alloy will have to be made for the purpose of casting centrifugally. 


22. Grain sizes for the same sections are finer in centrifugal castings 
than they are in static castings. This is due, almost entirely, to controlled 
rapid solidification, which is an integral part of the centrifugal process. 


"Vertical specimens were taken from Section A (Fig. 1) and horizontal specimens were taken from 
Section B (Fig. 1). 
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23. The physical properties obtained by the centrifugal process ar approxi- 


mately 10 per cent greater than those obtained by the static method. for 
equivalent sections. However, the specific improvement will vary with the 
alloy and, in some cases, certain properties will be doubled, as is indicated 
in Table 3. In general, tensile strengths, elongations, and reductions of area 


are more favorably affected than the yield strength properties of an alloy 


24. Small differences in physical properties exist in the vertical and hori. 
zontal planes, as is frequently found in sand castings. However, this differenc, 
is insignificant as compared to that of the directional properties frequent) 


found in some wrought materials. 


DISCUSSION 


. 

Presiding: A. K. Hicorns, Allis-Chalmers Mfg. Co., Milwaukee, Wis. 

Co-Chairman: NatTHAN Janco, Centrifugal Casting Machine Co., Tulsa, Okla 

M. C. Rowtanp': What are the differences in yield strengths and elongation of 
samples taken from the outside and inside diameters of a 20-in. casting having an 
inside diameter of 3 in.? 

Mr. KiemMENT: Generally speaking, it will depend upon several factors; the first is 
the alloy and the second is the die material. In tin bronzes we could expect a reduction 
in elongation and tensile values of about 30 per cent. The yield strength will not vary 
too much. However, in aluminum bronze or manganese bronze alloys the reduction in 
physical properties will not be as high (as in tin or lead bronze alloys). 

D. Bascu’*: Have you ever considered the elastic limit? Not the yield strength, 
because the yield strength is not a complete indication of the elastic strength of the 
material. On the stress-strain curve, we may find the curve leaving the line long before 
the yield strength is reached. 

Mr. KiemMeEnNT: No, we have not investigated the elastic limit. We appreciate the fact 
that elastic limits cannot be compared with yield strengths. However, most of our non- 
ferrous specifications call for yield strengths in either 0.5 per cent elongation under load 
or the 0.2 per cent offset method. 

D. E. Best*: Were these centrifugal castings made against sand? 

Mr. KieMENT: No, in most cases our work was done against carbon. 

Mr. Best: Was there any cooling from the interior of the centrifugal casting, or was 
it permitted to cool normally? 

Mr. Kiement: No method was used to cool the castings from the interior. They 
were cooled normally. 

Memser: Is the temperature of the mold established according to the wall thickness 
of the casting? 

Mr. Krement: Not exactly. More depends upon the mold material than the thick- 
ness of the casting. In casting against copper, we would use a higher pouring tempera- 
ture and have a hotter mold temperature than in casting against a sand liner. The type 


1 General Electric Co., Schenectady, N. Y. 
2 General Electric Co., Schenectady, N. Y. 
? Bethlehem Steel Co., Bethlehem, Pa. 
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be poured, and by this we mean if it is a shape or just a cylindrical bushing, 


arobably influences the mold temperature more than does the thickness of the casting. 
Memper: What was the section thickness of the chemical and physical samples? 


Mr. KLeMENT: The section thickness of the chemical sample was approximately 
The section thickness for the physical samples was the same wher comparing 

nd horizontal tests. However, when we compared sand and centrifugal, tests 

1! 


on approximately 2-in. sections. 


Member: Were any tests made casting against sand and against carbon? 


Mr. KLEMENT: Yes, we made some tests against sand and against carbon, and we 
that the properties of the metal cast against a sand liner are not quite as good 


those cast against carbon. 

MempBer: How were the carbon molds made? 

Mr. KLeEMENT: They were machined from scrap electrodes. 

MemBER: What would limit the size of casting? Could a propeller be cast in carbon? 


Mr. Kitement: It has been our experience that castings such as propellers and shapes 
ade in cores more easily than in carbon molds. It seems that it is too expensive 
to machine carbon into molds for shapes because carbon breaks rather easily when mak- 
ing shapes. 
Member: Would there be any objection to using powdered graphite ? 
Mr. KLEMENT: No, none that we can say. Of course, it would seem to us that the 
cost would be rather high unless a production setup could be obtained. 


MemBer: Did you compare the relative merits of using a sand mold and a cast iron 
mold for your casting production? 


Mr. Kitement: Yes, we have found that the type of mold material to be used depends 
largely upon the number of castings to be made and the alloy to be used. If we were 
to have a long-time job, we would use steel, copper or cast iron molds. 


MemBer: Would the use of metal molds affect the pouring temperature? 


Mr. Ktement: Yes, higher pouring temperatures are used for metallic molds than 
for non-metallic molds. We use approximately 100 degrees higher pouring temperatures 
for centrifugal castings than we do for static castings. 


Member: Is there a chill effect when the metal comes in contact with the mold? 

Mr. Kiement: Yes, there is. However, this depends a great deal upon the type of 

aterial used for the mold. Copper will chill, as we all know, more easily than a sand 
liner. 

Memser: What is the depth of the chill? Is not the solidification, depending upon the 
wall thickness, quite rapid? 


Mr. Ktement: Again we must say that the depth of chill depends upon the die 
materials and mold materials and the pouring temperatures used. However, we can say 
that in some cases the solidification, depending upon the wall thickness, is almost instan- 
taneous. 


MemBer: Would that rapid solidification hurt the structure or tensile strength of 
the material ? 


Mr. Kitement: No. According to our investigation and the work we have done, we 
find that the rapid solidification increases the tensile strength and helps to decrease the 
grain size. It also slightly increases the yield strength. The rapid solidification will also 
help the distribution of lead. 
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MemeeR: Is the metal structure more dense right at the point where the metal comes 
in contact with the mold? Are most of the castings cast to size? 

Mr. Kiement: There is a very thin section, approximately 1/16-in., which is ver, 
fine. This thin section has a definite chill and the structure here is more dense than 
throughout the casting. Most of these castings were not cast to size. They have approx: 
imately %-in. finish on the outside diameter. 

G. J. Le Brasse*: Have you taken macrostructures on the same sections from which 
you obtained the tensile strength bar results? 

Mr. KLEMENT: Yes, we have done this. In fact, in production when we start a nev 
job we take macrostructures of the sections on the first few castings to see how well we 
have solidified the material. 

Mr. Le Brasse: In other words, good physical properties on spun cast material pre- 
suppose uniform grain size in the macrostructure. 

Mr. KLEeMENT: Yes, we would say that. If we have a dense structure, in other 
words a very solid material, we naturally should have good tensile properties. In most 
centrifugal castings of the type we have shown, proper solidification is more easil; 
obtained than in static castings and, therefore, tensile strengths and macrostructures are 
better than in a static casting. 

MemMBER: How do cast iron molds stand up and do you coat them with any material? 

Mr. KiemMentT: The cast iron molds stand up very well, depending upon the alloys 
being cast. The alloys used also determine whether or not the mold is coated. For 
instance, we have difficulty in casting phosphor bronzes against steel molds unless the 
mold is coated. 

Memser: Are the molds coated in all cases? 

Mr. KiemMENT: No. In some cases the molds are just preheated with a torch. In 
other cases, depending upon the alloys used and the mold materials, a coating is used 

H. J. Roast*: In casting a leaded bronze alloy, we found that the mold coating was 
an absolutely essential feature. Extreme care was necessary, not only in the selection of 


the coating but in its application. 


* Federal Mogul Corp., Detroit, Mich. 
* Canadian Bronze Co., Montreal, Que., Canada. 








Centrifugal Casting of Non-Ferrous Metals 


By I. E. Cox*, Sr. Louris, Mo. 


A constructive review of problems relating to centrifugal casting 
f non-ferrous bearing metals, presented by the author and his co- 

rkers as a contribution to the development of the centrifugal casting 
process. One of the interesting features of the paper, which was orig- 
inally presented at the War Production Conference, January 14, 1944, 
in New York, is the research approach toward developing a mechaniz ed 
method of centrifugal casting production. 





ENTRIFUGAL casting of non- 
+ ferrous metal, in its present 
state of development, is rather an 
art than a science when we consider 
that art is a knowledge made efh- 
cient by skill, and science is the re- 
corded and systematized application 
of that knowledge. The reduction 
of the art to the science is essential 
to the improvement and perpetua- 
tion to this process of casting, and 
this is especially true in the case of 
non-ferrous metals. 

We find our foundries are fertile 
fields of unexplored art. Our melt- 
ers, our molders, our coremakers 
and even our foundry laborers are 
the performers that the foundry re- 
search workers have to observe if 
their art is to be reduced to science. 
The secrets of these craftsmen are 
difficult to uncover. 

The company, with which the 
author is associated, believes the 
centrifugal casting problem should 
be attacked on this basis. In the pro- 
duction of a casting, the art should 
first be reduced to a science and 
absolute systematized knowledge of 
the required details given to engi- 
neers, who can then develop equip- 
ment that will control such critical 
functions as time, temperature, and 
rate of change of temperature and 
other technical details to where they 
will not be subject to the discretionary 
Judgment of any individual. 

~ *Chief Engineer, National Bearing Metals 


Note: 
Meeting, 
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Inherently, the process will thus 
be mechanized insofar as possible, 
thereby reducing labor required to a 
minimum. Quality will be im- 
proved and uniformly maintained. 


RESEARCH ENTAILS EQUIPMENT 


To successfully carry on such re- 
search and engineering development 
for centrifugal casting, we had to 
acquire a full complement of labor- 
atory apparatus and instrumenta- 
tion, including precision tempera- 
ture indicating and recording equip- 
ment, photo microscope and acces- 
sories, x-ray and the necessary ap- 
paratus for determining all required 
physical characteristics and a chem- 
ical laboratory for rapid and accu- 
rate quantitative determinations. 
Special machines had to be de- 
veloped. Pilot models of the pro- 
duction units were laboratory built 
to save time. 


We find we now need a small en- 
gineering department machine shop 
with representative machine tools of 
each class. Our experience indicates 
incomplete facilities necessitate ex- 
tension of developmental programs, 
with results that are “too little and 
too late” to keep abreast of war im- 
pacted demands for new and better 
materials that competitors will pro- 
vide if we do not. 

Our first centrifugal casting 
problem involved a bearing lined 
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with a babbitt which had to be cen- 
trifugally applied to secure the re- 
quired bond and a dense sound lin- 
ing. This metal was a calciated lead 
inhibited against corrosion by the 
necessary tin content. It had to be 
melted and poured in an atmosphere 
with no oxygen content. 

Several of our most skilled babbitt 
handlers were drafted for research 
observation, and the bearings were 
processed using a lathe as a spin- 
ning machine where all functions 
were hand controlled. Pouring tem- 
perature, rate of pour, control of 
cooling rate after pouring, and 
methods of applying controlled at- 
mosphere inside of the bearing to 
eliminate any oxygen content in the 
bearing bore during pouring opera- 
tion were explored. 


Desicn oF BassitTinc UNIT 

After all these details were stud- 
ied, the babbitting unit (Fig. 1) for 
centrifugal casting of these bearings 
was designed as follows: 

Raw natural gas was used as a 
neutral atmosphere under which the 
metal was melted in a covered pot 
designed for immersion unit heat- 
ing. An elevator arrangement was 
provided to charge this melting pot, 
ingot at a time, without disturbing 
the oxygen free atmosphere on the 
pot. 

A valve was provided in the bot- 
tom of the pot, operated by an air 
cylinder and controlled by a mag- 
net valve. The valve opening was 
pre-set by a hand operated screw to 
control the rate of flow, and the 
amount of metal was controlled by 
a vacuum tube-type electric timing 
relay, which gave automatic control 
on the amount of metal and the rate 
of flow poured in each bearing. 

This spinning machine was con- 
structed similar to a lathe, having 


two spindles, one in the fixed head 
and one in a moving head mounted 
on a carriage. The fixed head was 
placed adjacent to the bottom pour 
pot to minimize the travel of the 
molten metal, and the spout of the 
bottom pour pot ran through a hol- 
low spindle of this fixed head. The 
movable head, mounted on the car. 
riage, was driven by a variable speed 
DC motor direct-connected and 
supported on the carriage. The car. 
riage movement was controlled by 
an air cylinder to clamp the bearing 
to be lined between the easily re- 
placed adapters mounted on the 
spindles of the heads. 

The cooling of the rotating bear- 
ing, after being filled with the prop- 
er amount of molten metal, was con- 
trolled by a timed exposure to a 
blast of aerated water vapor di- 
rected through a distributing head 
placed between the splindles. City 
water and a motor driven blower 
were used as the sources of air and 
water. 


A raw gas line was provided 
through the spindle of the fixed 
head to purge the interior of the 
bearing of air by displacement with 
raw natural gas. 


AIRCRAFT SPECIFICATION 
PRODUCTION 


All compressed air, water and gas 
lines were controlled by magnet 
valves. A canopy cover, air cylinder 
operated with magnet valve control 
was arranged to automatically open 
and close at the proper time, as 
protection against the possibility of 
a hot metal leak during the pouring 
operation and to catch the cooling 
water so that it could be drained 
into a sewer. 

It was also found necessary to put 
a ring gas burner around each of 
the two heads that contacted the 
bearing to heat them up after the 
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completion of a chilling cycle for 
the reception of the next pre-heated 
bearing. These ring burners were 
provided with electric ignition and 
magnet valve control. 

Protection was provided for the 
operator by a treadle switch, so ar- 
ranged that when anybody was in 
front of the machine with the cover 
retracted, the electric ignition was 
shut off and the gas burners ex- 
tinguished. 

All of the functional operations 
of this machine were reduced for 
electrical control. By proper appli- 
cation of limit switches, timing re- 
lays, and electrical interlocks, auto- 
matic and instantaneous functional 
sequence was secured. 

All an operator has to do is place 
a tinned, pre-heated bearing be- 
tween the spindles, operate a valve 
to its running position and step on 
an instantaneous contact starter 
‘witch. The entire operation of 


Fic. 1—CernrrirucaL Bassirrinc Unit. 


purging, lining and cooling the bear- 
ing is then taken care of automati- 
cally. 

When the cycle was completed 
and the machine brought to rest, 
the cover of the machine was auto- 
matically withdrawn ready for the 
removal of the lined bearing and 
the insertion of the next bearing to 
be processed. 

It took approximately one year to 
build this machine, including de- 
velopment time. It requires only one 
man to operate it, as compared with 
four men for the unit it superseded. 
Production was increased 400 per 
cent per unit. 

Our next centrifugal casting proj- 
ect was the development of equip- 
ment to produce a gun bronze cam 
bearing blank to an aircraft specifi- 
cation that required individual 
x-ray of each casting. 

We were practically forced to 
cast this piece centrifugally due to 
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the fact that the desired quality 
could not be produced statically 
cast in sand. Our Jersey City plant 
started work on this problem. Due 
to the fact that we had no engi- 
neering organization or laboratory 
equipment at Jersey City, it was 
more difficult to handle the job 
long-distance so the job was taken 
to St. Louis. 

All published work on prior art 
was reviewed carefully, but was 
found confusing, necessitating some 
preliminary investigation of funda- 
mentals. Both a horizontal and 
vertical spindle machine were set up 
for experimental purposes. The first 
problem was to find out what de- 
termined the proper axis of rota- 
tion for casting. We had to find 
what type of mold and what mold 
material was best suited. 

On the heels of this problem, we 
had to find a mold wash. The exact 
pouring temperature had to be as- 
certained as well as the speed and 
power requirements. 

We quickly found that the axis 
of rotation is a matter of conven- 
ience of getting the metal in the 
mold, and otherwise does not affect 
the casting, except that in long cast- 
ings in the form of bushings cast 
with the spindle approaching a ver- 
tical axis, that excessive speeds 
were required to get the metal to 
climb and to prevent excessive taper 
in the bore. 


DETERMINING POWER 
REQUIREMENTS 


After careful observation we ar- 
rived at the conclusion that higher 
quality could be secured by casting 
short bushings singly on a vertical 
spindle rather than in tub form. 

For mold material we _ tried 
baked sand cores, then carbon and 


ALS 


then gray iron. The chill effect of 
the gray iron mold produced the 
desired fine grain structure and 
physical qualities that were required 
for this piece. The carbon came 
second. 

The sand cast by the centrifugal 
process was an improvement over 
static sand casting, but left a lot to 
be desired. An open grained molyb- 
denim gray iron mold produced 
the best castings, withstood heat 
shock successfully and gave the 
longest life. We are still experi- 
menting with several types of iron. 

The larger molds are subjected 
to the most severe conditions, and 
our experience indicates the experi- 
mental molds furnished by a brake 
shoe show promise of being most 
satisfactory. 


Various mold washes were ex- 
perimented with, which are neces- 
sary to prevent the molten bronze 
from burning in the mold surface, 
and to facilitate the removal of the 
casting from the chill mold. 


Where rapid chilling is essential, 
a mixture of colloidal lead and 
graphite sprayed in the mold has 
proved very satisfactory. Where a 
slower chill rate can be tolerated, 
a mixture of bentonite and silica 
flour has worked out well. 


Melting practice and pouring 
temperatures are far more critical 
for centrifugal chill casting than are 
commonly practiced in sand found- 
ries. Here the services of the trained 
metallurgist are necessary to de- 
termine whether the flame shall be 
oxidizing or reducing, and to what 
degree, especially if crucible fur- 
naces are used for melting. 

This requires frequent Oerstad 
tests of the' products of combustion 
from these furnaces to maintain 








prope! burner adjustment. It is be- 
vond the scope of the assigned sub- 
‘ect to go into detail in this matter. 
' Spinning speeds were experi- 
mented with, and it was found that 
the best results could be produced 
from 1100 to 1300 ft. per min. pe- 
ripheral speed on the interior mold 
wall surface. 

In general practice, in centrifugal 
chill mold casting process on verti- 
cal spindles, the height of a mold 
was limited to its diameter. With 
these speeds no trouble was experi- 
enced in having the metal climb in 
the molds, and the taper does not 
exceed 3 or 4 degrees in a true 
bushing cast vertically. 

For molds weighing up to 300 lIb., 
we find that a 1 H.P. motor will 
provide sufficient power. From 300 
lb. to 1,000 Ib., we use a 5 H.P. mo- 
to. On one large machine, on 
which we install molds weighing up 
to 3,500 Ib., we use a 20 H.P. motor. 

Most of the motor capacity is used 
for acceleration and breaking, so the 
frequency of the pouring cycle really 
determines the H.P. requirements. 
The figures given are safe on the 1 
H.P. unit for a 10 min. interval; 
on the 5 H.P. unit for a 30 min. in- 
terval; and on the 20 H.P. unit for 
an hourly interval. 


CONSIDERATION OF MoTorR 


There is considerable difference 
of opinion as to the advisability of 
using a single speed motor and the 
number of machines for the number 
of spindle speeds required, as con- 
trasted with the variable speed units 
driven by either a variable speed 
motor or a hydraulic drive. 

If the work to be produced is in 
relatively short runs, and there is a 
large variety of type and size of 
castings produced, the variable 





411 


speed unit is obviously the most eco- 
nomical. However, if the produc- 
tion contemplated is high, for each 
item produced, the constant speed 
standard motor drive is far less ex- 
pensive in both first cost and main- 
tenance. 

It seems to me that this is just a 
matter of arithmetic, if you know 
what work you have scheduled to 
produce. The chill effect in the 
casting of this gun bronze cam ring 
was found to be a function of the 
thermal capacity of the mold and, 
as it worked out later for other al- 
loys and mixtures, a mold wall thick- 
ness of approximately two and one- 
half times the wall thickness of the 
casting to be produced will provide 
the proper chill effect without un- 
duly shortening mold life. 


TEMPERATURE MAINTENANCE 


Mold temperature can be con- 
trolied by the number of molds in 
circulation that pass by a pouring 
station. Mold temperatures should 
be maintained between 350 and 
400° F., according to our experi- 
ence, to get best results. 

After most of the essentials, above 
enumerated, had been properly 
evaluated, a centrifugal casting ma- 
chine was designed, consisting of a 
vertical spindle, driven by a stand- 
ard general purpose constant speed 
motor through a V belt drive on 
step pulleys to give semi-permanent 
adjustment of speed (Fig. 2). 

The 1 H.P. 300 lb. mold units 
were grouped, 8 on a merry-go- 
round, with a gravity conveyor ar- 
rangement to transport poured 
molds to mold cleaning stations, and 
to return cleaned molds for replace- 
ment on the spindles of the merry- 
go-round. 

The bottom of the molds were 
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Fic. 2—E1cut-uNtr CENTRIFUGAL 


provided with a babbitted fit to cen- 
trally locate them on the spindle 
driving plates for facile removal and 
replacement of molds on spindles. 

From 3 to 5 mold cleaning sta- 
tions are required for each merry-go- 
round unit. These are located be- 
tween the conveyor line coming 
from the merry-go-round and the 
conveyor line returning to the 
merry-go-round. Each cleaning sta- 
tion consists of a motor driven spin- 
dle very similar to the individual 
casting machine units that are 
merry-go-round mounted. 

It has been found in practice 
that there is required a pool of from 
30 to 40 molds in circulation on one 
merry-go-round unit, if economical 
operations are to be insured. 

Furnace and pouring tempera- 
tures are taken and recorded on an 
indicating and recording potentio- 
meter, wall mounted and wired to 


MacHINe FoR Bronze CastinG 


socket outlets at convenient loca- 
tions. With this plug and socket ar- 
rangement, the tip immersion type 
thermocouples require only short 
flexible leads. 

The indicating scale on the po 
tentiometer can be read for a dis- 
tance of 20 to 30 ft. The record 
roll on the potentiometer can be 
marked with the heat number so 
that the temperature of each heat 
becomes a matter of record. This 
arrangement has been found invalu- 
able in the control of furnace and 
pouring temperatures. 

It required approximately one 
year to develop and build a centnif- 
ugal casting production unit for 
this cam ring. It required another 
six months to stabilize the operation 
and develop the “know how” in a 
newly recruited operating crew. 
Soon, however, they became the op- 
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erations that we observed in de- 
velopment work that followed. ; 
On the heels of this cam ring job 
came the large diesel engine main 
and connecting rod bearings. For 
this application, high lead bronze 
castings were suddenly demanded to 
replace steel back bearings made of 
tubing, which had “gone to war.” 
We were asked to produce a bear- 
ing blank that could be processed 
with the same tooling as was pre- 
viously used for steel tubing, requir- 
ing that after the casting was semi- 


finished it, being split in half bear-- 


ings, formed in a die to a smaller 
radius so that each half could be 
used. 


OTHER CENTRIFUGAL CASTING 
PROJECTS 


Projections also had to be formed 
by pressure dies at the parting line 
of the bearing to form “tangs” to 
prevent the rotation and end move- 
ment of the bearing in the housing. 
Sand cast lead bronze would not 
stand this treatment, but the same 
metal centrifugally cast in chill 
molds worked out satisfactorily. 

The development of centrifugally 
cast procedure for high lead bronze 
paralleled that of the gun bronze 
cam ring, so the cam ring procedure 
became the operation that was ob- 
served for determining lead bronze 
casting procedure. 

Duplicate equipment was used 
for the production of the high lead 
bronze ring, with necessary changes 
in procedure of metal melting, 


pouring temperature, mold wash 
spray, etc. 


Our last centrifugal project was 
aluminum and manganese bronze 
bushings and gear blanks. Again, 
parallel procedures to those used on 
other metals were developed, vary- 


413 


ing temperatures, chill rates, melt- 
ing and pouring procedure as re- 
quired. 

In the case of the aluminum and 
manganese bronze, we had to go 
back to the sand foundry and draw 
on the experience of the molders to 
eliminate any turbulance of metal 
during the pouring operations, espe- 
cially of aluminum bronze. While 
the equipment developed and the 
procedure itself is nothing like any- 
thing in the sand foundry, it oper- 
ates exactly on the same funda- 
mental principles found there. 


CONCLUSION 


As can be surmised from the fore- 
going details, our activities have 
been confined largely to centrifugal 
chill casting to date. In our super- 
ficial work so far in centrifugal cast- 
ing in sand, our efforts have not 
been particularly successful, and we 
are very doubtful if the high lead 
bronzes can ever be successfully cen- 
trifugally cast in sand. 

Other foundries have been very 
successful in using carbon molds for 
true alloys and staple mixtures of 
bronze, another field in which we 
have done very little work. It is our 
opinion, however, that centrifugal 
chill cast bronze in metal molds will 
produce finer grain structure and 
improve physical characteristics 
over that cast in either sand or car- 
bon molds centrifugally cast in 
bronzes. 

In conclusion, it is felt that a bet- 
ter job has been done, if this gives 
a plan of attack on problems relat- 
ing to centrifugal casting of bronze, 
rather than specific details that may 
or may not apply to some particular’ 


job. 
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Some Practical and Economic Aspects of 
Small Foundry Conveyorization 


By Howarp B. NyvE*, WATERTOWN, N., Y. 


Abstract 


When it is decided that foundry improvements should be made in 
order to promote greater efficiency and/or higher production, conveyors 
of one sort or another usually are among the first additions suggested. * 
It is the purpose of this paper to discuss, with the aid of sketches, 
photographs, and actual production figures, some of the most frequently 
posed questions with regard to foundry mechanization. 


PLANNING 


1. When new equipment is contemplated in a small foundry, it is a good 
plan to make a large-scale drawing showing the arrangement of all existing 
equipment. The next move should be to study all of the various foundry 
operations, and from this data work up figures as to the cost per lb. or the 
cost per unit of the various operations; i.e., coremaking, molding, melting, 
cleaning, etc. When it is ascertained which of these operations is the most 
costly, or which operation is the limiting factor to more production, sufficient 
base data are available for an intelligent approach to the problem of addi- 
tional mechanization. 

2. Using the large-scale drawing of the existing set-up, various rearrange- 
ments may be experimented with by means of cut-outs, which may be shuffled 
from one location to the other over the drawing. Such preliminary work is 
carried out most successfully by some member of the existing staff, who is 
familiar with the day-to-day problems of the shop, and who enjoys the con- 
fidence and support of the foundry operating people. 

3. At this point, it is wise to call in a service engineer from one or more 
of the companies which manufacture equipment of the sort which seems to 
be indicated; i.e., sand-handling equipment, monorail, roller conveyor, etc. 

4. As a general rule, these engineers have had broad experience with 
foundry problems and the application of their equipment; also, if they represent 
one of the many first-line equipment manufacturers, they have a great deal 
of professional pride and usually make some very sound recommendations. 

5. When the project has reached the stage where all concerned, and 
especially the operating department heads, are satisfied that the proposed 
changes will be a step in the right direction, some back checking is indicated; 


*Asst. Foundry Supt., New York Air Brake Co. . 
Nore: This paper was presented at a Plant and Plant Equipment Session of the 48th Annual 


* Meeting, American Foundrymen’s Association, Buffalo, N. Y., April 25, 1944. 
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e if the proposed modernization will do all of the things it is planned 
and second, to check the economics of the change over. A good method 


first, t 


to ado 
f checking the former is to visit some foundry or foundries which are operat- 


Ol 


‘ng similar equipment and comparing the data thus obtained with the estimates 


f the original plan. 
6. In so far as the second point is concerned, it formerly was considered 


good practice to carry out a mechanization program only if the project would 
be self liquidating within a one-year period. However, present problems, such 
as labor shortages, taxation and war-jumbled production demands, often com- 


nlicate the economics of conveyorization to the extent that it is difficult to 
make any fixed recommendations on this issue. 


SAND CONVEYORS 


The most common method of conveying sand is by means of belt con- 
veyors and bucket elevators. Belt conveyors and bucket elevators are rela- 
tively not too expensive and offer a convenient means of conveying large 
quantities of sand at a low cost. However, they are not very flexible when 
and if it becomes necessary to replace or relocate existing molding or sand 
preparation equipment. Also, there are many exposed bearings which, in 
any sand handling job, result in a fairly high maintenance cost. 

8. For the small foundry, a bucket arrangement (Fig. 1—left) is often 
much cheaper in first cost and more easily maintained than the bucket eleva- 
tor and conveyor belt which it replaces. The unit is controlled by means of 
a five-button pendant attached to the hoist. The bucket is raised to traveling 
position by pushing button no. 1. It is moved forward and reversed by push- 
ing button no. 2 or no. 3. When the bucket reaches the unloading point, 





Fic, 1—Lert—Sanp-HANnpLING Bucket ARRANGEMENT FOR SMALL Founpry. RioHtT—Sanp-Hanpunoe Bucket 
in Dumptno Posrrion. 
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button no. 4 is pressed, causing the bucket to raise slightly until the projecting 
arms forcibly contact the hoist ring (Fig. 1—right). This action causes the 
bucket to dump. Button no. 5 is pressed to lower the bucket to traveling 
height, whence it is again returned to the conveyor point where it is lowereg 
to be refilled. 

9. One person operates the complete sand conditioning system, which 
consists of a paddle aerator above a 25-ton storage tank which feeds , 
4 cu. ft. muller (Fig. 2). With this system, an average of 4 tons of sand 
per hr. can be conditioned and distributed to as many as 10 molding stations 





Fic. 2—View or 25-Ton Sanp Srorace TANK ANp 4-Cu. Fr. MuLier. 


Mo.Lp CONVEYORS 


10. Molds usually are conveyed by means of a pallet conveyor, roller 
conveyor, or an overhead carrier. 


Pallet Conveyors 


11. Pallet conveyors usually are more expensive in first cost than other 
types of mold conveyors. However, where uniform production is obtainable 
and where alloy complications are not too great, they are a very efficient 
method of handling molds since material is always on the move: These units 
are more expensive to maintain than roller conveyors or overhead equipment. 


Roller Conveyors 


12. Roller conveyors are quite low in first cost and are very flexible, both 
in so far as present production demands are concerned and, also, when and 
if future changes in equipment location become necessary. Figure 3 shows 
how the flexibility of roller conveyors permits them to be utilized for storage 
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Fic. 3—Views Iniustratinc How Fuexismutry or Rotter Conveyors Permits Tuem Use ror STorace 
Purposes. 


so that sufficient numbers of molds may be accumulated for the different heats 


of metal when several different alloys are being produced at one time. 


Overhead Carriers 


13. Mold carriers suspended from overhead monorails are very economical 
to instal]. They are flexible and also have the distinct advantage of leaving 
the floor clear of obstructions. They may be equipped for power travel or 
they may be hand-propelled. The hand-propelled method is a little the more 
flexible of the two in most small foundries; however, if the production is large 
and flow uncomplicated, power travel is more efficient. Figure 4 illustrates 


an application of the hand-propelled overhead mold conveyor. 
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SAND CONDITIONING 

14. Strictly speaking, sand conditioning is not a conveyor problem; how. 
ever, the two are so closely integrated that they should be discussed together. 

15. There are many ways to condition sand. It may be screened and run 
through one of the many types of paddle mixers or aerators, or it may be 
mulled. | 

16. Sand may be screened at the shake-out point or at the elevator dis. 
charge point, where either a deck or a revolving screen may be used. The 
deck screen is very fast and is fairly economical to maintain; however, it does 
not break up lumps quite as well as the revolving screen. 

17. After having had experience with sand conditioning systems of several 
different types, the author is convinced that molding sand should be mulled 
each time it is used. Mulling not only improves the quality of the sand, but 
it also saves money. Our records show that, when a sand-handling system 
equipped with a muller replaced hand cutting and riddling in our non-ferrous 
foundry, new sand additions were cut in half. There is no substitute for the 
kneading action of the muller. 

18. Some of the muller manufacturers advertise and advise that the design 
of their equipment is such that aeration is unnecessary after the sand has 
been mulled in their machines. In the author’s opinion, aeration improves 
any mulled molding sand. A muller is essentially a packer—a_ kneader. 
Aeration makes this thoroughly mixed sand light and permeable. Such sand 
is much less likely to stick to aluminum patterns than sand which is not aerated. 

19. Sand and sand-conditioning problems are one of the major arguments 
in favor of a number of small, compact conveyor systems in a foundry where 
a variety of work is produced, rather than a single large unit. Considerable 
sand difficulty is apt to be encountered on the large system, which can be 
eliminated only by taking certain “fussy” jobs off the conveyor system and 





Fro. 4—View or Hanp-Propettep Overneap Moin Conveyor. 
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them, at a greater cost, on the floor, where the proper sand can be 
arepared. If small systems are employed, much greater flexibility is obtain- 
ble, with consequently lower over-all cost and less scrap loss. 


ProposEep LAYOUTS 


1). Keeping in mind the factors of low first cost, relative efficiency and 


ultimate flexibility, two small foundry molding layouts have been prepared. 

91. The first deals with the problems of a foundry having a long-run 
standard product which is poured from a single alloy. It is proposed to place 
four molding machines along a pallet conveyor (Fig. 5—top). 
are to be supplied with sand which is transported from the sand-conditioning 
unit by means of an overhead track system. After the molds have been made, 
they are placed on the pallet conveyor upon which they travel through the 


pouring and cooling zones until they reach the shake-out, where they are 


These machines 


dumped. 

22. The sand is conveyed by belt conveyor and elevator to a screen which 
is mounted above a storage tank. The sand is fed from the bottom of the 
storage tank by means of a gate which is actuated by an ammeter on the sand 
mixer motor. When properly set, this device assures that uniform batches 
are supplied to the muller. After mixing, the sand is aerated and discharged 
into a bucket for distribution to the molder stations. Such a system will save 
its original cost within one year or less, if the demand is such that it is pos- 
sible to run the unit at capacity for long periods. 

23. When a foundry makes work of a jobbing nature, or work which is 
poured from several different alloys, a layout such as is shown in Fig. 5 (bot- 
tom) is suggested. The sand-conditioning unit is the same as was described 
for the production foundry. However, the molds, instead of being placed on 
a pallet conveyor, are placed on roller conveyors, where they are poured. 
When the metal has cooled, the molds are shaken out over a grate which 
covers a flight conveyor. This conveyor, supplemented by a belt and an 
elevator, returns the sand to the storage tank. 

24. The flasks are returned to the molder on the parallel roller conveyors, 
which slope toward the molding machines. This type of conveyor system 
represents about the ultimate in economy, flexibility, and in over-all efficiency 
for the small foundry which may be called upon to make a wide variety of 
machine molded castings. 


CONCLUSION 


25. 


The mechanization of any foundry is a problem in engineering design, 
complicated by many practical considerations. 

26. In order to solve any major engineering problem, certain basic data 
must first be established; hence, the recommended preliminary survey of all 
loundry functions. 
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27. A thorough knowledge of foundry practice, and, more important, an 
intimate knowledge of the every-day problems of the foundry in question, are 
essential elements that should go into the design of new foundry conveyor 
systems; hence, the suggestion that foundry operating people be consulted, 
assist with and approve the final design. 

28. Conveyors can and do assist in the production picture. However, 
castings are produced by men and machines; no matter how well engineered, 
the machines alone can not deliver the goods. No foundry, no matter how 
well equipped, is any more efficient than its management. 











Mold Surface Properties at Elevated Temperatures 


By H. W. Drerert*, R. L. DoELMAN*, anp R. W. BENNETT*, Detroit, Micu. 


Abstract 


In this paper the authors have described tests performed to obtain 
information concerning the elevated temperature properties of mold 
surfaces, such as spalling, confined expansion, hot strength, and hot 
deformation. Data obtained from these tests are presented graphically. 


INTRODUCTION 


Our efforts in sand control are practically all directed towards forming 
a mold surface that is capable of withstanding the thermal shock, the static 
load and erosion of molten metal without contaminating the molten metal 
with gas, sand or other foreign material. It is true, however, that some of our 
efforts in sand control are expended in producing a sand that will work 
easily in the sense of rammability, flowability, liftability and toolability. The 
authors will define a number of the green sand properties under discussion 
to aid in clarifying statements made in this paper. 


DEFINITIONS 
Rammability 


2. Rammability is to be differentiated from flowability. By rammability 
one refers to the ability of a molding material to ram to a firm mold surface 
that is capable of supporting a load. The degree of rammability may be 
measured with a mold hardness test made at varying distances from point 
of ramming application. 


Flowability 


3. The flowability property of a sand enables the sand grains to flow 
together when ramming energy is applied to form a uniform void space mold 
surface. The degree of flowability may be measured by a flowability indicator 
which expresses numerically the amount of void spaces present that are larger 
than inherent to the grain size of the sand. 

4. A sand with low rammability may cause casting defects such as “swells,” 

*Harry W. Dietert Co 


Nore: This paper was presented at a Steel Foundry Sands Session of the 48th Annual Meeting, 
Foundrymen’s Association, Buffalo, N. Y., April 26, 1944. 
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due to soft spots on the mold surface, particularly at restricted portions of th, 
mold. A sand with low flowability, coupled with insufficient ramming n 

cause casting defects such as “metal penetration” which is due to large y d 


spaces where the sand grains have not flowed together to touch each othe; 


Liftability 


5. The liftability of a sand describes the ability of a sand to withstand th 
load and bending applied during the process of stripping the pattern or lifting 
of the mold. 

6. Green strength will measure the ability of the sand to withstand th 
load applied. 

7. Green deformation will measure the ability of the sand to withstand 
the bending stress. 

8. Toughness, which is the product of green compression and green defor- 


mation, is our best single measure of liftability. 


Toolability 


9. Toolability of a sand is the ability of the mold surface to respond t 


hand tooling and patching. 


SPALLING 


10. The mold surface, whether it be green, dried or baked, is subjected to 
a very sudden rise in temperature during the pouring operation. This is 
generally spoken of as thermal shock. Many molding materials are not suff- 
ciently stable thermally to withstand this quick temperature rise because of the 
stresses imposed by expansion or contraction of the molding material. 

11. A molding material which does not crack, check or peel off on being 
subjected suddenly to a high temperature is said to be thermally stable. Such 
sands which have the combination at elevated temperatures of high confined 
expansion, probably the result of high flowability, and of a brittle nature 
which may be measured by low hot deformation, are not thermally stable. 

12. At the present time, the best measure of thermal stability is the spall- 
ing test. The 1%-in. x 2-in. double-end rammed specimen is placed in the 
dilatometer furnace which is heated to the temperature of the molten metal 
in the mold. The molten metal temperaure in the mold is usually assumed 
to be 200° F. lower than pouring temperature. 

13. For the spalling test, the first sand specimen is allowed to remain in 
the dilatometer furnace for a period of two minutes and is them removed for 
visual inspection. Such spalling, cracks or checks as may be present on the 
specimen surface are due to volume change from expansion. 

14. A second specimen, which is allowed to remain in the dilatometer 
furnace for a period of 12 minutes, will show that such spalling, as well as 
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checks or cracks that will result from this prolonged heating, are due to 
contraction. 

15. The photograph of the specimen in Fig. 1 furnishes a good record of 
the test. 

16. Metal penetration defects are at times caused by the mold surface 
racking, allowing molten metal to penetrate into the mold surface. This 
veining or cracking of mold surface easily may be seen on many sands that 
have undergone the spalling test described in the previous paragraph. A sand 
is made thermally stable by changing grain distribution and grain size and by 
binder additions. 
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CONFINED EXPANSION 


17. Considerable data has been presented on the free expansion of molding 
sand. In the free expansion test the sand specimen is free to expand in 
circumference as well as in length. The free expansion test is greatly influ- 
enced by hot strength—that is, the ability of the sand to support itself. Due to 
the very wide variation of hot strength, it is only natural that free expansion 
data is of little practical value without much correlation of other factors. 

18. The confined expansion test was developed to facilitate the practical 
application of expansion test data. In the confined expansion test the 
\-in. x 2-in. test specimen is rammed in a quartz tube 14-in. I.D. and 3-in. 
in length. A special specimen tube, shown in Fig. 2, is used to hold the quartz 
tube while the specimen is rammed with the usual 11%-in. double-end sand 
rammer. 


19. Refractory discs are inserted in each end of the rammed specimen in 
the quartz tube to give a firm seat to the ends of the sand specimen. The quartz 
tube containing the molding sand or core specimen with the two discs in place 
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‘s then set on top of the bottom rigid post of the dilatometer. A quartz rod 
with a small bore hole makes contact with the top refractory disc resting on the 
sand specimen. This rod transfers the expansion or contraction of the specimen 
to a dial indicator. A blank calibration test, without sand specimen, is made 
to determine the expansion of the quartz rod and support. Test data is cor- 
rected for the blank calibration reading. The specimen is heated by a dilatome- 
ter furnace to metal pouring temperature. 

90. Since the specimen is confined within the quartz tube during the test, 
the volumetric growth or shrinkage is measured under conditions simulating 
those found within a mold or core. By measuring confined expansion at tem- 
peratures corresponding to those of cross sectional zones found in a mold or 
core, one is able to determine the volume change of a sand in a mold. However, 
it is felt that only the outer layer of a mold causes surface defects originating 
from expansion or contraction. One may draw some helpful conclusions from 
confined expansion tests made at molten metal temperatures. As a rule, mold- 
ing material with the lowest confined expansion is favored. A low hot shrink- 
iwe is indicative of high refractoriness. 


COMPARISON BETWEEN CONFINED AND FREE EXPANSION 


21. Since our past concepts of the growth of molding materials were based 
n free expansion, a few comparisons between free expansion and confined 
expansion tests are in order. : 

22. Of the natural sands, Albany sand has a very low growth. Figure 3 
shows both the free and confined expansion curves for a No. 1% Albany sand. 
For all practical purposes, this sand does not show much difference between 
free and confined expansion except that, in the case of free expansion, expan- 
sion at the beginning of the test is fast. On prolonged heating, the free expan- 
sion test curve shows a greater contraction or hot shrinkage. 

23. A further study of this growth phenomena may be made by comparing 
the dilation curves in Fig. 4. The A dilation curves show the volume change 
of a No. 17 washed and dried Ottawa sand bonded with 4 per cent Western 
Bentonite. The B dilation curves show the volume change of the same sand 
mix, except that 5 per cent sea coal was added. This comparison exemplifies 
the general rule that expansion is reduced by the addition of combustible 
materials to foundry sands. 

24. The maximum confined expansion of the A mix without sea coal is 
).037-in. as compared to 0.018-in. for B mix with sea coal, which represents a 
30 per cent reduction in growth. 

25. A comparison of the free expansion curves does not show as great a 
reduction. 

26. A comparison of hot shrinkage, which is defined as the difference 
between maximum expansion and maximum contraction at twelve minute 
‘soaking period, show that sea coal slightly increases confined hot shrinkage. 
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a) oe Fic, 3—Conrinep ExpaANsION AND Free EXPANSION OF AN ALBANY SAND. 
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27. Free expansion does not enable one to measure correctly the expansion 
or hot shrinkage of molding materials. This is well demonstrated in dilation 
curves Nos. | and 2 in Fig. 5. 

28. The dilation curve No. 1, Fig. 5, illustrates the growth and hot shrink. 
age of mix No. 1, consisting of No. 17 washed and dried Ottawa sand bonded 
with 7 per cent Ohio clay. Dilation curves No. 2 are for mix No. 2, consisting 
of the same sand but with 10 per cent Ohio clay bond. Note that the fre 
expansion dilation curves show less than half of the actual growth. 

29. It is interesting to note that the No. 1 mix with 7 per cent bond has 
a hot shrinkage of 0.018-in., while No. 2 mix with 10 per cent bond shows a 
hot shrinkage of 0.022-in. Bonding material may be considered in the natu: 
of a flux reducing the refractoriness of foundry sands. 

30. To study the effect of cereal binder and silica flour additions to green 
sands, the confined expansion curves shown in Fig. 6 are of value. 


31. Mix A consists of No. 17 washed and dried Ottawa sand bonded with 
4 per cent Western Bentonite. The mix shows a maximum confined expansion 
of 0.037-in. Mix B is identical to mix A except that 2 per cent cereal binder 
was added. The maximum confined expansion was reduced from 0.037-in. to 
0.031-in. No change in hot shrinkage was shown. 


32. The amount of the particular type of cereal binder used was sufficient 
to reduce the flowability of the sand, which undoubtedly accounts for a large 
portion of the reduction in confined expansion. 
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Fic, 7—Conrinep ExpaNsion For Dry SaNps. 
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33. In previous work with free expansion, it was shown that the addition 
of silica flour to a sand increased the free expansion. It is known that free 
expansion test data was influenced to a great extent by the increase of hot 
strength. 

34, Mixes C and D in Fig. 6 contained 10 per cent and 20 per cent 
additions of silica flour. It may be noted that the confined expansion was re- 
duced to a value of less than .025-in. 

35. Using confined expansion as the criterion, it may be stated that silica 
flour reduces the confined expansion or growth of a sand. 

36. The hot shrinkage of a sand is reduced by the addition of silica flour. 

37. Many large castings are made in dried molds so that it is of technical 
interest to know the confined expansion of dry sand mixtures. In Fig. 7 are 
shown confined expansion curves for dried specimens of the sand mixes A, B, 
Cand D. The same relation holds for the dry sands of Fig. 7 as for the green 
sands of Fig. 6. The only apparent difference is that the dry sands show higher 
expansions. Using mix C as a typical steel foundry sand (except that the 
percentage of cereal binder is quite high, purposely made so to show more 
clearly the effect of cereal binder) the confined expansion curves for the dried 
and green sands are shown in Fig. 8. The heat penetration into a green sand 
is slower than into a dried sand. This causes the dried sand to have a slightly 
faster rate of expansion. 

38. The green sand also benefits some from the cushioning effect of the 
soft green sand, as compared to the rigid dried sand. 





CONFINED EXPANSION AT 7500°F PER INCH. 


3 a 5 © 7 a > tio Ww zm 


TIME IN MINUTES OF SOAKING 





Fic. 8—Comparison or Conrinep Expansion or GREEN AND Dry SAnp. 

















£30 Mop SuRFACE PROPERTIES AT ELEVATED TEMPERATURES 


: 
| 


39. In all sand molds, a limited amount of cushioning effect is desirable. 
An efficient way to obtain this cushioning effect is to have a multiplicity of 
minute void spaces present or available between the sand grains to accommo- 
date grain growth or rearrangement of grains without breaking the mold 
surface or cracking the casting. 

40. Whenever the flowability of a sand is reduced, the void spaces between 
the sand grains increase. Thus one can expect a reduced confined expansion 
for a given sand moisture whenever the flowability, as measured with the flow. 
ability indicator, is reduced. The correlation between flowability and confined 
expansion of green sand mixes A, B, C and D of Fig. 6, as shown in Fig. 9, 
graphically illustrates that a reduction of flowability reduces expansion of the 
mold surface. 

41. In Figs. 6 and 7 it was shown that cereal binder, when added to a 

molding sand, reduced confined expansion. It should not be considered that 
this reduction in confined expansion would hold regardless of other conditions. 
For example, one can actually cause cereal binder to increase confined expan- 
sion in a core mixture if one allows baked strength to increase by not reducing 
the other binders. In such a case, a marked increase in baked strength would 
increase the expansion, thus reducing or cancelling the expansion reduction 
power of cereal binder. This is illustrated in Fig. 10. In mixture No. 3, con- 
sisting of 60 parts of No. 17 washed and dried Ottawa sand and 1 part linseed 
oil, a baked tensile strength of 225 lb. was obtained. This mix showed a con- 
fined expansion of 0.030-in. This same mix with an addition of 1 per cent 
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cereal, designated as No. 4, resulted in a tensile strength of 342 lb. and a 
confined expansion of 0.035-in. The increase in tensile strength increased the 
expansion and also caused mix 4 to collapse at a slower rate than mix 3. 


RATE oF Hot STRENGTH DEVELOPMENT 


42. Whether the mold surface be green or dry, the rate at which the green 
or dry strength of the sand develops into hot strength on the mold surface is a 
factor that may help foundrymen to more fully understand the many molding 
problems. Hot strength of a number of representative foundry sand mixtures 
was determined at various intervals of time of soaking at elevated temperatures. 
Many have correctly surmised that molding sand is quick to respond to thermal 
shock of elevated temperatures. 


Hot STRENGTH OF GREEN SAND VERSUS TIME OF SOAKING 


43. The rate at which a green sand develops or builds up hot strength 
when subjected to a molten metal temperature, for example, 2500° F., is well 
illustrated in Fig. 11. 

44. Using the green sand mix D containing No. 17 washed and dried 
Ottawa sand and 4 per cent western bentonite as the base sand, one may find 
by referring to Fig. 11, curve D, that this green sand which possessed 6.5 |b. 
green compression strength developed a hot strength of 28 lb. in one minute 
of soaking in a temperature of 2500° F. On further soaking at this tempera- 
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ture, the hot strength decreased to an average of 1.5 lb. The peak strength at 
one minute is undoubtedly due to rapid drying of the sand, producing a dr 
strength. On soaking beyond one minute, this dry strength is destroyed. Never. 
theless, the quick development of mold strength from 6.8 to 28 Ib. certainly 
explains why green sand molds are capable of making fairly large castings. | 

45. An addition that one may make to a sand mixture is cereal binder. 
Adding a high value of 2 per cent cereal binder to mix D, it may be noted 
from curve C in Fig. 11 that cereal binder does not materially change the hot 
strength of this sand, except that the time of the first hot strengh peak devel- 
opment is decreased from 60 seconds to 30 seconds. This may be accounted 
for by the quick dry strength development of cereal binders, probably a worth- 
while factor in green sand molds. 

46. All of us realize that silica flour is a potent addition and that its addi- 
tion to mix C should have a marked effect on the hot strength development. 
This is borne out by the hot strength curves A and B of Fig. 11, containing 
respectively 20 and 10 per cent silica flour. . 

47. Mix B containing 10 per cent silica flour develops a hot strength of 88 
Ib. in 30 seconds, while mix A with 20 per cent silica flour develops 80 Ib. in 
the same period. The heat travels faster in the more open 10 per cent silica 
flour sand. 

48. On soaking for a minute, the 20 per cent silica flour mix A develops 
the maximum hot strength of 91 lb., while that of mix B falls to 80 Ib. These 
peak hot strengths are probably due to the development of dry strength. Figure 
11 reveals that this dry or hot strength is reduced on soaking from 11, to 34, 
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DIETERT, 


minutes for mixes A, B, and C. Continuing the soaking time from 3/2 minutes 
to longer periods of several hours produces a hot strength of increasing value. 
This is the true hot strength of a sand. However, the quick hot strength pro- 
duced at % to 1% minutes of soaking really determines the quality of the 
casting surface and undoubtedly is the important hot strength. 


Hot STRENGTH OF Dry SAND VERSUS TIME OF SOAKING 


49, In the case of a dry sand mold, one starts with a dry strength that is 
high compared to the other strength values. It is thus natural to assume that 
the strength of a dry sand mold surface decreases upon being subjected to the 
temperature of molten metal. 

50. The strength curves in Fig. 12 exemplify the development of hot 
strength of a dry sand bonded with bentonite, cereal binder and silica flour. 
[he mix D contains No. 17 washed and dried Ottawa sand and 4 per cent 
western bentonite. When dried, this mix starts at a dry strength of 50 Ib. and 
with 30 seconds of heating in an atmosphere of 2500° F., this strength is 
reduced to 12 lb., an appreciable reduction. The hot strength decreases up to 
a period of 4% minutes soaking after which a slight increase in hot strength 
is noticeable. 

jl. With the addition of 2 per cent cereal binder, the original dry strength 
is increased from 50 to 70 Ib. The development of hot strength of this sand 
is similar to that of sand without the cereal except that a very small increase 
in hot strength is noticeable. 
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52. When 10 per cent silica flour is added, the dry strength is increased tp 
120 Ib. (See curve B, Fig. 12.) Upon being placed in a 2500° F. atmosphere. 
the dry strength falls off suddenly, reaching 35 lb. in 30 seconds. This drop 
continues until a minimum of 8 lb. is reached at 4 to 5 minutes of soaking, 
The sand mixtures without silica flour reach a low of 0.5 Ib. This is probably 
the point at which the mold surface erodes and causes dirt inclusions, 


53. The 20 per cent silica flour sand mix B, on heating from 5 to 16 min. 
utes, produces an increase in hot strength up to 33 lb. 


54. The addition of 20 per cent silica flour to sand mix A produces a dy 
strength of 260 Ib. which is suddenly reduced to a value of 30 Ib. within one 
minute of heating at 2500° F. The dry strength of a dried mold surface js 

thus destroyed very rapidly within a period of one minute upon being subjected 
to the heat of the molten metal. Addition of silica flour increases the value of 
the minimum hot strength reached. 


55. A point of particular interest is the secondary peak hot strength that 
We is produced after this minimum strength is reached. Fig. 12 shows a secondary 
ae peak at 114 minutes for the 10 per cent silica flour sand (mix B), while a very 
pronounced peak of 70 Ib. is developed at 2 minutes for the 20 per cent silica 
flour sand (mix A). 

56. The authors wish to describe this secondary hot strength peak develop- 
ment as a “pyro strength” development. This pyro strength or secondary hot 
strength peak is developed whenever silica flour or fine siliceous material, such 
as found in some sands or bonds, is present in an appreciable amount. 
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57. The 20 per cent silica flour sand mix A, Fig. 12, develops a maximum 
hot strength of 112 lb. when heated for a period of 16 minutes at 2500° F. 
Silica four additions to molding sands or cores furnish a means of obtaining 
maximum increase in hot strength. 
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, Hor STRENGTH DEVELOPMENT FOR TEMPERATURES FROM 500 To 2500° F. 
nin- 58. It is appreciated that only a very thin layer of the mold is heated to 
temperatures as high as 2500° F. by molten ferrous metal. In molds and cores 
dry into which molten ferrous metal is poured, there are sections of the mold or 


core that are heated to temperatures which one may designate as 2500, 2000, 
1500, 1000 and 500° F. zones. A 212° F. zone is also present, but it lies outside 
the scope of this paper. 

59. In each of the temperature zones indicated in the previous paragraph, 
the sand passes from a green or dry strength into a hot strength phase. 

60. The hot strength curves shown in Fig. 13 illustrate the development of 
hot strength at various temperatures from 500 to 2500° F. and various soaking 
times for a green sand mixture consisting of: 


84 per cent No. 17 Ottawa Sand, Washed and Dried 
10 per cent Silica Flour 


nf 4 per cent Western Bentonite 
aon 2 per cent Cereal 


5 per cent Moisture 
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61. Referring to Fig. 13, one is impressed by the high hot strength of sang 
at 1500° F., the slow development of a hot strength at 500° F., and by the 
relatively low hot strength at 2500° F. 

62. Using the first peak of hot strength as an index point, it is interest; 
to note that the order of maximum strength is 500, 1000, 1500, 2000 ang 
2500° F., a drop in the first peak hot strength with an increase of temperature 

63. The behavior of a dry sand under conditions described in preceding 
paragraphs shows a much different picture for the same sand mix as shown ip 
Fig. 14. For example, at all temperatures, namely, 500, 1000, 1500, 2000 ang 
2500° F., a rapid decrease in strength is experienced upon immersion jn , 
furnace heated to the stated temperatures. 

64. Temperatures 1500 and 2000° F. are the only temperatures that ar 
capable of developing an appreciable rise in hot strength upon prolonged 
heating. 

65. It may be stated generally that for short soaking periods hot strength 


a“ “7 
10% SILICA FLouR 
4% GENTONITE 
2% CEMear 

MOISTURE 


GREEN Sano 





Fic. 15—Comparison or Hor Srrencrn or Green anp Dry SANp AT 12 Minutes Soaxino Tims. 






















DieTERT, DOELMAN AND BENNETT 437 


of bentonite bonded sand with a limited silica flour content is of the decreasing 
order for dry sands, while of an increasing order for green sands. 

66. Under long soaking periods such as 12 minutes, the difference between 
the hot strength of a green sand and dry western bentonite bonded sand is 
not very large, as is well illustrated in Fig. 15 when the temperature is above 
1000° F. 

67. The hot strength development curve for a sand bonded with an Ohio 
fire clay foliows a trend showing much kinship to that of a western bentonite 
bonded sand. The hot strength at 2500° F. of a typical steel facing sand in 
the green and dry condition presents a picture very similar to a bentonite 
bonded sand containing silica flour (Fig. 16). Compare the curves in Fig. 16 
with the B curves in Figs. 11 and 12. Fire clays contain a portion of fine sili- 
ceous material that is similar to silica flour so that the first peak hot strength 
pyro strength) should show prominently in the case of fire clay bonded sands. 
It is very probable that this explains the success experienced with clay bonded 
sands for heavy castings since silica flour is added automatically. 


CoNCLUSIONS 


68. The following conclusions may be drawn concerning mold surface 
properties at elevated temperatures: 


1. Spalling tests furnish a practical means of determining the ther- 
mal stability of foundry mixtures. 
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The confined expansion test is a better test than the free expan- 
sion test. 

The confined expansion test furnishes data that is necessary as 
basic knowledge. It cannot be applied as a hard and fast rule 
to practica. problems. 

For a quick picturization of confined expansion and its correla- 
tion with sand additives, refer to Fig. 17. 

Materials such as silica flour, sea coal, core oil and cereal binder 
reduce confined expansion. 

Additions of bentonite clay and other binders added to silica 
sands reduce the confined expansion of the base sand; for exam. 
ple, No. 17 washed and dned Ottawa sand produced a confined 
expansion of 0.475-in. which is higher than that of mixtures 
produced from this sand. (Refer to Fig. 17.) 

Lowering the fiowability reduces cunfined expansion. 

When the mold surface of green sand is subjected to heat of 
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molten metal, a hot strength some 10 times greater than the 
green strength is produced within the first minute. 

9. The addition of silica flour to green sands materially increases 
this quick hot strength. 

10. When the mold surface of a dry sand is subjected to the heat of 
molten metal, the dry strength is quickly reduced to a hot 
strength much lower in value than the dry strength. This all 
takes place in the first minute of pouring the mold. On con- 
tinued heating, the dry sand develops an increasing hot strength. 


DISCUSSION 


Presiding: D. L. Parker, General Electric Co., Revere, Mass. 


E. Pracorr’: Is the curve of flowability determined by modifying the properties of 
the synthetic bonded sand (Fig. 9) ? 

Mr. Diretert: In this work, we use a synthetic sand and different percentages of 
bentonite. For example, that particular curve (Fig. 9) covered the bentonite-bonded 
sand. We used as high as 2 per cent cereal binder, which made a very stiff mixture. 
More points on the curve were obtained by adding 10 per cent silica flour and 20 per 
cent silica flour. The stiffer the sand for an equal amount of ramming, the greater the 
distance between the sand grains, which corresponds to a low flowability. This would be 
synonymous to ramming a sand soft. Thus, if we have a sand rammed, let us say, 
apparently soft, we have more void space between each and every sand grain, allowing 
each sand grain to grow without touching another sand grain. So by increasing the void 
spaces between the sand grains, we do reduce the confined expansion. We are not advo- 
cating, necessarily, low flowability sand, but we do feel that it is a basic principle which 
must be remembered. 


Mr. Pracorr: Then, actually, you have four different sands on one curve rather 
than one variable. Would it not be rather difficult to get flowability with one variable? 

Mr. Dietert: Yes, it would be quite difficult unless we make that one variable 
moisture. Then, unfortunately, at temperatures where the clay substance has the greatest 
degree of stiffness, we would have the lowest flowability. Possibly that is one reason 
we have the lightest sand when we have sand at temper. The clay is, let us say, swelled 
to the maximum extent. Molding sands that are high in moisture have an exceedingly 
low degree of flowability. For that reason, most of us, when we run core sand mixtures 
in the core blower, run the sand with a low moisture content to obtain the maximum 
flowabilrty. 

Mr. Pracorr: Are any of the foundries using confined expansion tests today? 


Mr. Dietert: I do not know of any foundry that is using the confined expansion 
test. In England, Mr. Buchanan ran a series of tests several years ago where he loaded 
the sand specimen with different degrees of load and measured expansion under varying 
load. {n our new expansion test, we are trying to measure expansion volumetrically. 
We beheve it is actually superior to the old free expansion test. 

H. W. Mever*: How do you account for the reduced expansion value obtained with 
increasing amounts of silica flour? 


Me Dietert: In the case of free expansion, the silica flour gave a very firm sand 
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specimen, which stood up under heat, and, therefore, we obtained a high free expansion 
value. In those days, we stated that increasing the silica flour content increased the 
expansion of the sand. In the case of confined expansion, when we add silica flour y 
get a reduced expansion value. I have no explanation for the reduction in confine; 
expansion when silica flour is added. 

. 

Dr. H. Ries’®: Do these confined expansion figures agree with the Expansion test: 
that you have been making with the quartz rod, and the specimen not confined in a tube? 

Mr. Dietert: The confined expansion tests are higher. There is a certain amount of 
sag in the sand specimen in the case of the free expansion test. In the case of the cop. 
fined expansion test, we have a slight increase in the diameter of these quartz tube; 
We did not make correction for this slight error. But the confined expansion values ar 
much higher. The confined expansion tests are easily duplicated. There are some sand 
which fuse very badly at 2500° F., the sand sticks to the sides of the quartz tube, and 
we get erratic contraction figures at the end of the test. 

Dr. Ries: That might tend to reduce the expansion. 

Mr. Dierert: In the case of the silica flour, the strength of the expansion js «9 
great that it will break the quartz tube. In the case of using some low temperature, 
such as 1600° F. for the bentonite-bonded sands, where the sand grips the sides of the 
tube, the tube is often broken. The expansion force is very great; either the tube 
breaks or the sand expands lengthwise; but in the case of contraction, the force is 9 
small that it does not always contract to the same point. 

MemBer: Have you ever run any tests on wood flour? 

Mr. Dietert: We have not. I do not know just what we would get. 

D. WriuiaMs*: Is there any relationship between expansion and volume change? In 
other words, if you have a linear expansion figure, how much does that mean in volume 
change? ‘ 

Mr. Dietert: We have not made this correlation. 


Mr. Wiiuiams: If we have an expansion of 0.04 in. per in., that is approximatel) 
a 12 per cent volume change, and if we measure from a linear expansion standpoint, 
are we measuring the linear expansion or a combination of effects? 


Mr. Dietert: In our tests we actually measured volumetric expansion. The sand 
mixtures we used for these confined expansion tests had high expansion values. We 
have used mixtures that had exceedingly high expansion to show clearly the effect of 
certain changes. 

C. G. Lurrs*: Do you find that different sands show different expansion character 
istics, dependent on the source? Also, does the expansion in the sand become permanent, 
once the sand has been heated? 


Mr. Dretert: Sands from different sources do have different expansion, first because 
they have different impurities. If there is an impurity in the sand which will contract, 
or start to contract, at a relatively low temperature, around 2000° F., it naturally 
would affect the expansion at 2500° F. Impurities probably account for more change 
in expansion, according to the origin of the sand, than does the shape of the sand 
grain. The shape of the sand grains does affect expansion, because it affects the flow- 
ability. But one other thing that markedly affects expansion of sand grains is their 
size and their grain distribution. Thus, sands from different pits would have different 
expansions. The naturally-bonded sands, as a rule, have a much lower expansion than 
do synthetic sands. 
~~ * Cornell University, Ithaca, N. ¥ 
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Malleable Mixture Calculation 
and 
Melting Control 


By M. E. McKInNEy*, HAMILTON, ONT. 


Abstract 


The choice and proportions of raw materials in malleable charges 
and the control of melting are often subject to rule of thumb methods. 
Fairly satisfactory results are obtained in this way when those directly 
in contact are of long experience and endowed with a certain intuition. 
Even this fails too often when the supplies of raw materials become 
irregular in some of their characteristics. Wartime shortage of experi- 
enced help and of regular supplies of staple raw materials makes it 
more than usually difficult to operate by rule of thumb methods. The 
author has dealt with this problem in two of its phases. First, the choice 
and proportion of materials in malleable mixtures has been reduced to 
a purely mathematical formula based on the law of averages so that the 
making up of the charge sheet may be placed in the hands of any one 
with normal arithmetical proficiency and without any knowledge of 
metallurgy or of melting. Second, the operation of a powdered coal 
fired air furnace is controlled by a continuous indicator of exit-gas 
analysis, coupled with a sensitive gauge showing draft or pressure inside 
the furnace. The application of the above principles over a year’s time 
has resulted in a definite reduction in the quantity of furnace additions. 


INTRODUCTION 


1. In melting iron for malleable castings the same problem presents itself 
as in most other manufacturing operations, that of constant duplication of 
results. In this particular case the primary object is twofold, that of producing 
a white iron which (1) after annealing, will produce castings of the required 
physical properties, and (2) will have sufficient fluidity to pour molds with a 
minimum of misruns. Secondary considerations are fuel, refractory and labor 
costs. 


2. With exceptions so rare as to be negligible, white iron of the proper 


analysis will produce good malleable castings when subjected to the proper 
annealing cycle. By white iron is meant iron free from graphite precipitation 


*Chief Metallurgist, Hamilton Works, International Harvester Co. 
Nore: This paper was presented at a Malleable Iron Founding Session of the 48th Annual Meéting, 
American Foundrymen’s Association, Buffalo, N. Y., April 26, 1944. 


441 


























442 MALLEABLE Mixture Conroy 


in all sections; by proper analysis is meant all desired elements included; ang 
by proper annealing cycle is meant correct times, temperatures and atmo. 
pheres at the exact spot in the furnace where the casting is annealed. The 
occasional apparent exception is usually a simple lack of accurate information 
on one of the above points. 

3. This then narrows down the requirements of malleable melting to pro- 
ducing hot iron of the proper chemical composition. As long as the ray 
materials entering the charge are carefully inspected, the only elements that 
require attention during the melting process are carbon, silicon and, on rare 
occasions, manganese. 

4. With the desired analysis of the finished castings fixed and the changes 
in melting properly predicted, making up a charge sheet becomes nothing 
more than a simple mathematical calculation. A necessary adjunct to this 
calculation is accurate chemical analysis of the materials in the charge and 
of the resulting white iron. With these figures at hand it is possible to arrive 
at any predetermined chemical composition within limits set by the variations 
inherent to any particular melting installation. 


Pic IRON AND SCRAP 
Grades 


5. Two grades of pig iron are all that are necessary, one high-silicon grade 
and one low-silicon grade. The other elements in the pig iron should be as 
nearly identical as possible. In addition to the pig iron, a certain quantity 
of purchased annealed malleable scrap and steel scrap will be used, as well 
as the regular foundry returns. 


Piling 
6. Pig iron is piled in as large piles as practicable, being unloaded and piled 


in horizontal layers. When being consumed the pig iron is loaded from the 
face of the pile so as to obtain an average of the entire pile. 


Sampling and Analysis 


7. Pig iron from each car is sampled in the proportion of one pig for every 
10,000 Ib. An equal amount of drillings is taken from each pig, mixed, and 
analyzed. The result is the car analysis. The average pile analysis is calculated 
from the weights and analyses of the cars in the pile. 

8. Malleable and steel scrap are not analyzed but a constant figure is 
adopted for their analysis: 

Si, Mn, C, 
Per Cent Per Cent Per Cent 
Malleable Scrap 0.90 0.30 2.00 
Steel Scrap 0.20 0.40 0.20 
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These analyses may not be always exactly representative but as their effect is 
averaged in the following calculation, the difference from actual analysis is 
included in the normal variations and is therefore absorbed in the average 


loss figures. 
MrxtTurE CALCULATION 


General 


9, Although silicon, manganese, and carbon are all cawulated, no special 
attention is given to manganese unless final analyses warrant it. This happens 
very seldom as long as pig iron manganese contents are within the normal 
range. Sulphur and phosphorus are checked on each heat but are not included 
in the calculation for the furnace charge. 

10. Before starting to calculate the mixture the following figures must be 
at hand: 


(a) The calculated analysis of the previous heat. 

(b) The preliminary sample analysis of the previous heat. 

(c) The final analysis of the previous heat. (This is the average 
analysis of three samples taken one at the beginning, one in 
the middle and one at the end of the heat.) 

(d) The average loss in silicon and carbon from calculated 
analysis to preliminary analysis and from preliminary analysis 
to final analysis, calculated on the basis of the last six days. 

(e) Analyses of pig irons and scrap. 

(f) The desired fina] analysis. 


Average Melting Loss 


11. All of the figures mentioned in the foregoing paragraph should already 
be on record except the average loss figures which are made up each day. 
The last six heats form the basis for these calculations. That heat of the six 
which shows the highest loss is eliminated as being a possible exception and 
the average of the remaining five is taken as the predicted loss for the next 
heat. 

12. These calculations are made daily, eliminating from the average the 

oldest heat of the six and adding in the new heat as shown in Table 1. 
In this table the figures in columns 1 and 5 are the differences between 
calculated analyses and preliminary sample analyses. The figures in columns 
3. and 7 are the difference between the preliminary sample analyses and the 
final heat analyses. The figures in 2, 4, 6 and 8 are averages over the previous 
six days after the highest figure (in brackets) has been eliminated. 


Record Forms 


13. Tables 2 and 3 show the recto and verso of the mixture calculation 
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Table 1 
MELTING LossEs 
Silicon Loss*, Per Cent 
Before After Before 
Date Prelim. Analysis Prelim. Analysts Prelim. Analysis 
(1) 2) (3) (4) 5) (6) 

Nov., 5-Day 5-Day 5-Day 
1943 Daily Avg. Daily Avg. Daily Avg. 

i (0.49 OO RE tater (0.47) 

2 0.27 (0.09 0.29 

3 0.29 os 0.34 

4 (0.39) Pree (0.39) 

3 (0.30) er a eA (0.36) cna aa 

6 0.18 0.286 0.01+ 0.002 0.23 0.322 

8 0.24 0.256 (0.06 ) 0.004+ 0.33 0.310 

9 0.25 0.252 0.02 0.0124 (0.33) 0.318 
10 (0.29) 0.252 0.03-+ 0.012+ 0.29 0.308 
11 0.27 0.246 0.04-+ 0.012- 0.25 0.286 
12 0.28 0.244 0.00 0.012+- 0.26 0.272 


*Plus marks indicate a gain instead of a loss. 


Carbon Loss*, Per Ceni 


MALLEABLE MIXTURE Controy 


After 
Prelim. Analys; 
(7 (8) 
3-Day 
Daily Avg 
0.20 
0.24 
(0.27) 
0.14 
0.18 nape 
0.24 0.200 
(0.26) 0.212 
0.23 0.210 
0.25 0.208 
(0.28) 0.232 
0.24 0.244 


sheet. On Table 2 are made all the loss calculations based on the previous 
six heats and on Table 3 the calculation of the mixture for the next heat. 

14. Tables 4 and 5 show the recto and verso of the sheet sent to the 
foundry scale-house with only the percentage column and calculated analysis 
figures filled in. After the heat is poured, the sheet is returned to the labora- 
tory with the rest of the information completed. Table 6 shows the daily heat 
record sheet which is compiled from all the forms already mentioned plus the 
analysis figures and the physical properties of the test-bars after annealing 


Table 2 


Loss CALCULATION 
Date: Nov. 12, 1943. 


Heat No. 1, Furnace No. ! 














Per Cent Per Cent 
Si eS 
Calculated Analysis Cg ae ae 1.25 3.00 
Preliminary Analysis 0.97 2.74 
Loss Before Preliminary 0.28 — 0.26 
Preliminary Analysis ha 0.97, 2.74 
Added Elements 0.05 0.00 
Rectified Preliminary i. 274 
Final Analysis 1.02 2.50 
Loss After Preliminary 0.00 ~=~—CO.24 
“Avg. Loss Before Preliminary Bis 0.244 0.272 
Avg. Loss After Preliminary 0.012 0.244 
Avg. Total Loss After Preliminary 0.232 0.516 
Desired Final Analysis 1.000 2.500 
Required Calculated Analysis 1.232 3.016 
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4n Example of Mixture Calculation 


15. The forms shown in Tables | to 6 represent the heat for November 13. 
The calculated analysis for the preceding day was: 


Silicon, 1.25 per cent Carbon, 3.00 per cent 
The analysis of the preliminary sample was: 
Silicon, 0.97 per cent Carbon, 2.74 per cent 


The analysis of the finished heat was: 


Silicon, Per Cent Carbon, Per Cent 


Bar 1 1.01 2.55 
Bar 2 1.02 2.46 
Bar 3 1.03 2.49 
Average 1.02 2.50 


i6. An addition of one per cent of 50 per-cent-ferrosilicon was made to 
this heat and was taken into consideration in added elements in Table 2. As 
it is not always possible with the materials on hand to calculate a mixture 
exactly, a leeway of 0.02 per cent plus or. minus is allowed on both silicon 
and carbon between the required and .; ctual calculation. 

17. As explained in paragraph 11 before figuring the average loss, the 
highest figure of the six is eliminated as a possible exception. It might be 
asked why the lowest figure is not also eliminated for the same reason. Only 
the highest figure was eliminated because this would throw the tendency 
towards heats on the low side for either silicon or carbon. These heats require 
furnace additions of small quantities of ferrosilicon with a rare occasion 
requiring carbon addition in the form of graphite or petroleum coke. 

18. If the tendency of the heats were towards normal, an occasional heat 
might require some addition to lower carbon or silicon. The only material 
in such a case is steel scrap and additions of this material are so much heavier 
than the ferrosilicon additions and usually have such a cooling effect on the 


Table 3 


MIxtTuRE CALCULATION 
Date: Nov. 13, 1943. Heat No. 1, Furnace No. 1 


Mixture 
Charging Material. Per Cent Si Mn Cc Si Mn Cc 
Car Ba, A... <5 0 19 1.40 0.80 4.05 0.266 0.152 0.770 
Pig trond 2 Pk icrtevas Oe 25 0.75 3.90 0.129 0.045 0.234 
|Car Be. B..  ¢..%s:. 21 1.35 0.85 4.10 0.284 0.179 0.861 
|Special Sprue....10 1.70 0.45 2.40 0.170 0.045 0.240 
Domestic Scrap ........... 30 1.00 0.38 2.50 0.300 0.114 0.750 
Bought Mall. Scrap......... 7 0.90 0.30 2.00 0.063 0.021 0.140 
Weel Semen cae ei 7 0.20 0.40 0.20 0.014 0.028 0.014 


Calculated AMANO. 5 3s Gui 3 kare sited sas 1.226 0.584 3.009 
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bath that calculation formulas are purposely made to avoid them, even at 
the expense of ferrosilicon additions. 


FuRNACE CONTROL 
The Melting Unit 


19. In this particular foundry the charge is melted in a powdered-cod. 
fired air-furnace of about 20 tons capacity. Powdered coal is blown to th 
furnace from a central pulverizing system. The supply of coal is regulated 
at the furnace by means of remote control on the speed of a feed screw at the 
pulverizer unit. A small and constant quantity of primary air furnished by, 
fan-type blower at the coal pulverizer is used to blow the coal to the melting 


Table 4 


MIXTURE 
MALLEABLE FOUNDRY 
Date: Nov. 13, 1943. Heat No. 1, Furnace No. 1 





Material Per cent Weight, Lb. 
ce Oe Se ae 19 6155 
: oe a arr 6 1980 
Pig Ir0®) Gar No. D.:....-.+- 21 7045 
Special Sprue........ 10 3300 
Domestic Scrap ....... 30 9900 
Bought Mall. Scrap.... 7 2310 
Ser 7 2310 
Ge, SNe is 0'500 bnesacion ee a ee ee C—3.01 
Weight of Charge........ a Started Firing. .......0. 4:00A.M....... 
Started Slagging........ oo ee Preliminary Test....... i ae 
ee oS” ee ve andiieeivtat Additions Made ....... 10:10 A.M. ...... 
Started Tapping...... IOsSS AM, 2. cvex Finished Tapping...... 11:15 A.M....... 
Signature 


furnace. Secondary air is supplied at the furnace by means of a second fan- 
type blower with a circular shutter-type gate on the air inlet. 

20. Figure 1 shows the burner end of the melting furnace with the switch- 
board controlling the coal- and air-feeding motors both at the pulverizer and 
at the furnace. The secondary air gate is also shown. The main objection to 
the type of coal feed and its control used in this installation is that the correla 
tion between feed-screw speed and quantity of coal being delivered is far from 
constant, especially when there is a variation in coal fineness and humidity. 
Often visual appreciation of the proportions of coal to air was also found to 
be faulty. It was very difficult to control melting losses in silicon and carbon 
and especially in the latter. Melting time and pouring temperature als 
suffered from the same causes. This was found when it was attempted to 
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Table 5 
Firinc SCHEDULE 
Ratio 
Time Coal to Air 
4:00 A.M. 10:6 
4:20 11:8 
4:40 12:10 
5:00 14:12 
5:20 15:13 
Additions 
perc, 99......lb. 50% Ferrosilicon 
csweans eetmaee Ib. Petroleum Coke 
nrepaienc pa sale Ib. Manganese Pig 
baw nt eae Ib. Steel Scrap 
Table 6 
MALLEABLE FOUNDRY 
DatLy Furnace REPoRT 
Date: Nov. 13, 1943. Heat No. 1, Furnace No. 1 
Mixture 
Materials Per cent Si Mn Cc Si Mn. Cc 
et BRR AG oceans 19 1.40 80 4.05 .266 .152 -770 
oe Se SS 6 2.15 75 3.90 .129 .045 -234 
Pe EF Cae Na D.......05 21 1.35 85 4.10 .284 .179 .861 
|Special Sprue ...... 10 1.70 45 2.40 .170 .045 .240 
ee eee 30 1.00 38 2.50 .300 114 -750 
Bought Mall. Scrap .......... 7 .90 30 2.00 .063 021 -140 
Sel NS aee aeaa a 8s sos 7 .20 40 .20 .014 .028 .014 
Calculated Analysis ........... ‘ 1.226 584 3.009 
Weight of Charge........ BG has sk0 a Started Firing.......... 4:00 A.M. ...... 
Started Slagging........ eo | Preliminary Test....... cy eS 
Lent G5 Sh deca scle Socio Desksvacves Additions Made ..... IOs 8D Awe. wdc ccs 
Started Tapping...... 10:SP AB. vcccss Finished Tapping...... SSID ARE, co cces 
Preliminary Analysis........... re BG. <0 ee eT Eee Gis ten ee 
RETIN iid ccs ead 2s andncnen 99 Ib. of 50% Ferrosilicon.......cccccccscccs 
Remarks: Starting Schedule— Time Coal Air 
4:00 10 6 
4:20 11 8 
4:40 12 10 
5:00 14 12 
5:20 15 13 
Final Metal 
BatNo. Si Mn Cc P Ss Mottle Bar Load _ Elong. 
1 1.02 2.47 0% 1 ‘ehs 
2 .99 30 2.47 ll .07 0% 2 
3 1.00 2.43 0% 3 
Avg. 1.00 30 2.46 
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Fic. 1—Burner Enp or MELTING FurNAcE AND Controt Boarp For CoaL- aNp Atr-Feepinc Morons 


control heats on the basis of some predetermined regulation of feed-screw 
speed and secondary air inlet. This method of regulation would not give 
duplication of results and was an utter failure. 


Experimental Control 


21. An attempt was then made to analyze the exit gases and to regulate 
coal-air ratios according to CO,, O, and CO contents. The samples wer 
taken through the side-wall of the furnace about six in. above the bath and 
about three ft. in front of the rear bridge-wall. The first analyses were mad 
with a portable Orsat-type apparatus and considerable improvement wa 
noted in the regularity of composition when firing by these indications. How- 
ever it soon developed that without an experienced and conscientious operatot 
on the gas analysis apparatus, very serious errors could be made. 

22. It was also proved during this experimental period that inside-furnact 
pressure was necessary, not only to obtain a representative sample of gas, but 
also for best melting conditions. This furnace pressure could be controlled by 
varying either the secondary air or the stack draft. Stack draft was varied b) 
increasing or decreasing an opening at the base of the stack. This experimenta 
period then indicated two necessary and interdependent .controls, inside- 
furnace pressure and exit-gas analysis. The indicators for these two quantities 


would have to be automatic, continuous, and as fool-proof as possible. 
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The Gas Sampling System 


93, The experimental period showed there were two contaminations in the 
gas from the furnace, dust and condensable water vapor. A simple arrange- 
ment in the form of a water trap or seal placed at floor level was used to trap 
both dust and water. The temperature in this trap was low enough so that 
any water that did not condense here would not condense further on. The 
decrease in velocity was great enough to allow settling of enough dust so that 
the remainder did not interfere with gas analysis. The same gas outlet was 
made to serve both the gas analysis apparatus and the draft and pressure 
gauge. A sketch of the exit-gas line from furnace to instruments is shown in 


Fig. 2. 
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Fic. 2—Exrr Gas Line From Furnace to INstruMENTS. 














The Draft and Pressure Gauge 


24. Although the experimental instruments were not sensitive enough for 
quantitative readings, it was shown that either draft or pressure in the melting 
furnace was a very low quantity. A mechanical boiler gauge was chosen which 
was graduated from minus 0.l-in. to plus 0.5-in., each graduation being 
about ¥2-in. wide and representing 0.02-in. of water pressure. 


The Gas Analyzer 


25. During the experimental period of gas analysis it was found that the 


ideal conditions for melting were those which showed a slight excess of CO, 
irom 0 to 4 per cent. Conditions often arose when there was an excess of Od. 
The gas analysis indicator therefore had to show more than the CO, content. 
It had to show not only when the CO, content was low, but also whether 
this was due to excess air or excess coal. The apparatus finally chosen was 














: 
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one of the thermal conductivity type such as that used to check motor comby. 
tion on motor cars and principally to indicate the correct gas-air ratio jn 
setting carburetor adjustments. The dial of this apparatus was originally 
marked into three zones lettered Lean, Normal, and Rich. After a few weeks 
comparison between gas analyzer readings and practical results at the furnace, 
such as melting loss in carbon and silicon and tapping temperatures, it became 
evident that the spacing of the Normal zone would have to be changed from 
its original position. Normal firing in the air furnace vroved to be much 
leaner than Normal combustion conditions in a motor car. This shift in the 
Normal zone was accomplished by simply applying a tricolored band relucating 
the limits of the three zones. From that time on, with very few exceptions, 
coal-air ratio was regulated according to the indications of the gas analyzer. 


Melting Practice 


26. With the draft-pressure gauge and gas analyzer installed and in work- 
ing order the control apparatus was always in plain view from the switchboard 
side of the furnace. The complete installation with gas sampling tube and the 
instruments is shown in Fig. 3. Figure 4 shows a close-up of the two instru- 
ments. 

27. The procedure on each heat was then the following: There is a 
period, from when the furnace is first lit until enough secondary air is applied 
and the furnace becomes hot enough to produce a pressure in the furnace, 
that the gas analyzer is inoperative. This is shown by the fact that the gauge 





Fro. 3—Gas Samptino Tusz anp Recorpino INSTRUMENTS. 
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indicates draft instead of pressure. Even if a sample of gas could be taken 
by exhausting it from the furnace, it would not be representative of coal-air 
ratio at the burner because it would include air-induction through the doors 
and roof. During this initial period a definite coal-air setting schedule based 
on recent experience is used until the time when pressure is built up in the 
furnace and the gas analyzer starts functioning. This initial coal-air setting 
schedule is progressive and is recorded on the form shown in Table 5, as well 
as well as on the daily heat record sheet shown in Table 6. 

98. As soon as the analyzer starts functioning, the powdered coal supply 
is so regulated as to keep the pointer of the analyzer within the Normal zone. 
The melter varies the intensity of firing by varying the secondary air settings 
which are left to his judgment, and he also has a leeway in coal regulation 
within the zone marked Normal. These conditions are maintained until the 
report on the preliminary sample is received from the laboratory. 


Preliminary Sample Procedure 


29. As soon as the first slagging operation is completed and the bath well 
mixed, a preliminary test bar is poured and sent to the laboratory for analysis. 
Only silicon and carbon are determined on this bar unless an exceptionally 
low silicon result indicates a highly oxidized heat. In this case the manganese 
also is determined. The test bar is cooled, drilled and analyzed and the result 
reported to the foundry. This result consists of the chemical determinations 
(usually only silicon and carbon), the amount and kind of additions if any, 





Frio. 4—Ciose-Ur or Drarr-Parssure Gavoz anp Gas ANALYZER, 
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and the firing method (Lean, Normal or Rich) to be used until the heat is 
tapped out. 

30. The sampling and analysis under normal conditions require about 
twenty minutes and the choice and quantity of additions are read directly 
from the “Addition Computator” shown in Fig. 5. This “Addition Com- 
putator” is simply a device for rapidly indicating (a) when a chemical 
determination should be checked, (b) the choice and quantity of additions jf 
any, and (c) the method of firing until the heat is tapped. 

31. A short study of Fig. 5 will show how the computator is used. The 
two sliding scales are set so that the average loss figures after the preliminan 
are opposite the gauge marks. Then the preliminary sample analysis, silicon 
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Fic. 5—Apprrion CompuTAtor. 


and carbon, determines one certain square in the center portion of the 
computator. The position of this square and the figures placed in it, or the 
absence of figures furnishes the rest of the information. This computator has 
the gauge marks set for 1.00 per cent silicon and 2.50 per cent carbon but can 
be set for any other desired composition by changing the position of the 
gauge marks. The figures in the squares are lb. per ton of furnace charge. 
The addition material referred to is shown at the extreme right. If an) 
analysis falls in a square above the top dotted line or below the bottom 
dotted line, the carbon result must be checked. If any analysis falls to the 
left of the double solid line, the silicon result must be checked. If any 
analysis falls above the top broken line the furnace must be fired Rich; below 
the bottom broken line, Lean; and between the two, Normal; these three 
settings referring to the zones marked on the gas analyzer at the furnace. 


CONCLUSIONS 


32. Each melting unit has its own peculiar set of uncontrollable variables. 
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These variables are also unpredictable. Any prediction may result in double 
error if the prediction is false. If mixtures are so calculated as to always aim 
at the median point in the sum of the variables, extremes are thereby avoided. 
It has been shown that basing mixtures on the average of some determined 
period of immediately previous operation reduces extremes in chemical 
analysis from those obtained from mixtures based on personal prediction. It 
also throws this once very specialized work into the realm of ordinary 
arithmetic where it may be handled by help having little or no experience in 
either metallurgy or melting. 

33. The coal supply from this particular pulverizer unit is not constant 
enough to regulate firing on the basis of feed-screw speeds. In this par- 
ticular case this condition is due mainly to either a variation in coal humidity 
or mechanical defects, but could also be caused by variations in coal fineness 
or available calorific value. As all of these variables can also be present in 
unit pulverizers, it is possible that the same variation applies. 

34. Visual observation of the aspect of the flame is frequently not accurate 
enough to be used as a basis for coal-air ratios. 

35. With very few exceptions the analysis of a representative sample of 
exit-gas from a powdered-coal-fired air-furnace will indicate the coal-air ratio. 

36. Slight but definite inside-furnace pressure is necessary to obtain a gas 
sample representative of coal-air ratios at the burner. Any depression in the 
furnace allows the admixture of air through doors and roof and falsifies the 
result. .This slight pressure has also been found to accompany best melting 


practice. 


37. Control of coal ur ratios, has its main effect on carbon control. Com- 
parison of two six-months periods, one with and one without gas analysis 
control, showed that the average steel additions to reduce carbon in heats 
where carbon was too high were reduced from 12.7 to 1.6 lb. per ton and at 
the same time coke additions were reduced from 1.2 to 0.6 lb. per ton. 
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DISCUSSION 


Presiding: A. M. Futtron, Northern Malleable Iron Co., St. Paul, Minn. 
Co-Chairman: F. L. Woxr, Ross Tacony Crucible Co., Tacony, Philadelphia, Pa, 
J. N. Jounson’: Have you ever attempted to adjust the flame by the use of a 
optical pyrometer? 
Mr. McKinney: That would give only temperature; it would not indicat gas 
properties. 
Mr. Jounson: Is there no relation between the temperature and the CO, ratio? 
Mr. McKinney: I have never attempted to determine it, but I would not think that 
there would be any relation. 
D. Tamor’: Referring to the exit gas line sketch (Fig. 2) I would like you to follow 
those gases through. You do not show any water cooling there. 
Mr. McKinney: No. It has been found that with this type of gas analyzer, the speed 
of flow through the line is so slow that any amount of heat present will not cause any 
serious difficulties with the gas analyzer. Also, the speed is so slow that a certain amount 
of powdered coal sometimes will collect in the bottom and, being trapped in water, it is 
not carried to the instrument. 
Mr. Tamor: In other words, that is really a closed system. 


Mr. McKinney: It is a closed system. 


Fe leaied 


wt 


Mr. Tamor: The idea of the water trap is to trap all of the solids. 
ee | Mr. McKinney: That is right. 

Mr. Tamor: The joint on top where the sillimanite tube meets the iron, is that a 
cemented joint? 

Mr. McKinney: Yes. The fact of the matter is, it would not make any difference 
if it were not closed, because as we are working under pressure, there cannot be any 
infiltration. If there is any movement, it is outward and not inward. 

Mr. Tamor: In relation to the door, where is that tube? 

Mr. McKinney: This tube is at the rear of the furnace, 3 ft. in front of the rear 

bridge wall. 
f H. E. Lercxty’: In this idea of using the pulverizer with the CO and CO, determina 
A tions, you would use that as a means for checking the silicon and carbon reduction. 
Now, when your melter gets to the point where his charge is completely melted and he 
has skimmed the bath and it is coming time to pour, then you forget that and you start 
firing heavier to get the temperature up to where you want to bring the metal out? 





Mr. McKinney: Oh, no. The computator indicates to the melter whether he shall 
fire rich, normal or lean, but he can regulate the intensity of his firing by the amount of 
secondary air. He can increase the secondary air, but the moment he does, naturally, 
the gas analyzer is going to show he needs more coal at the same time. The gas analyzer 
only shows the relationship between air and coal but not how much of each one 
should be used. 


Mr. Leicxty: You take preliminary checks through a test plug and a skin- 
over test? 


Mr. McKinney: Right. 











1 Union Malleable Iron Ce., Moline, Ill. 
2 American Chain & Cable Co., York, Pa. 
? Fanner Mfg. Co., Cleveland, Ohio. 
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DiscuSSION 


R. F. Greene‘: What has been found to be the ideal melting analysis of the gas? 

Ma. McKinney: The ideal melting analysis of the gas runs between 2 and 4 
per cent co. 

Mr. Greene: Throughout the entire heat? 


Mr. McKinney: Throughout the entire heat. With the method of calculation being 
used here, the method of mixture calculation, it does not make any difference. If you 
prefer to use nothing to 2 per cent CO, you will simply find the drop in carbon is more 
and, as we work on the average loss, this will be compensated in the mixture afterwards 
by simply putting more carbon in to take care of it. But we have found that the best 
results in melting come by using between 2 and 4 per cent CO. 

D. F. Sawrette’: Do you not notice a change in the carbon content, even though 
you are keeping a 2 to 4 per cent CO content, if your pulverization of the coal changes? 

Mr. McKinney: Within the limits that we have, no. We have several times meas- 
ured the coal fineness and we always have at least 80 per cent through a 200 mesh. 

D. Levinson®: You take your gas sample 3 ft. inside the bridge wall (Fig. 2). 
What prompted you to put it just at that point? 

Mr. McKinney: Just chance. The first time that we took the sample, there hap- 
pened to be a hole underneath the bung where the melter heats bars for forging, so we 
put the trap there and it seemed to work. 

Mr. Levinson: Do you not feel that the CO-CO, ratio changes with temperature? 
That is, where the flame hits directly over the bath, you get a different temperature 
than you would in the end of the furnace, and I think you should get a different 
CO-CO; ratio there. 

Mr. McKinney: It is not the CO-CO; ratio which changes, but the oxidizing effect 
of the CO-CO, ratio changes with temperature. It should be complete. The reason that 
we took it at that point was that we figured the farther back in the furnace, the more 
chance there would be of complete raction. 

Mr. Tamor: In regard to that pressure gauge, do you use that for a control as to 
how much pressure you want in the furnace? 

Mr. McKinney: Yes. We consider that we must have at least 0.02 in. pressure. 
This is all that is necessary. 


Mr. Leickty: When do you make the first test? 

Mr. McKinney: We make the first test just as soon as the pressure indicator shows 
that we have pressure inside the furnace. At that moment, the apparatus is turned on 
and the needle works continually all the time through the heat. 

Mr. Lerckty: Just what is the state of your bath when that test is made? 

Mr. McKinney: It has barely started to melt. 

MemBer: I might drop a word of caution there, in case anyone wants to duplicate 
that. The length of the pipe and the diameter might vary that pressure a little bit. 

Mr. McKinney: In this instance, you have two instruments on the one pipe and, 
naturally, the cross section of the pipe must be decidedly greater than the outlet of the 
two nipples that go into the instruments to have pressure ditribution to both of them. 

Mr. Tamor: You could have a “Y” fitting. 

Mr. McKinney: The disadvantage of having a pipe too large would be that the 
time from the furnace to the analyzer would become greater. There would be a lag 


_ 


‘Detroit Brass & Malleable Works, Wyandotte, Mich. 
*Malleable Iron Fittings Co., Branford, Conn. 
‘Acme Steel & Malleable Iron Works, Buffalo, N. Y. 
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from the furnace to the analyzer. In this case, we find that when we make a Change 
in coal regulation, for that change to be registered on the gas.analyzer takes something 
like 2 to 3 min. ; 

C. R. Wicerns': Do you get better castings after annealing by the use of this contro 
during melting? 

Mr. McKinney: More uniformity in composition, yes. 

MemBerR: You put this analyzer to work right after you are through the pulsating 
period in the furnace that occurs after the charge is melted down? 

Mr. McKinney: That is right. 

MeMBER: And after that, you keep a constant pressure on it. 

Mr. McKinney: As to pressure regulation, there is a damper or an intake at the 
base of the stack which regulates the draft in the stack, and if it is desired to increase 
pressure in the furnace, it is necessary only to decrease draft in the stack. 

MEMBER: Can you correlate your loss in carbon with so many sq. ft. of furnace 
area or draft area per hour? 

Mr. McKinney: I have never tried it. 

MEMBER: You can get so much carbon drop in a certain length of time on that 
furnace with a CO; of 2 to 4 per cent. 

Mr. McKinney: The drop in carbon is much more rapid while melting down than 
it is while superheating; and it is also much more rapid on a first heat than on a second 
heat. So there is not any direct correlation. 

Mr. Leickiy: Under these conditions, then, what would be the character of the 
flame as you look at it in the furnace? Can you look across from one side to the other? 

Mr. McKinney: Sometimes we can and sometimes we can not. We may have a 
flame that we can see right through the furnace to the other wall, and at other times 
we can not see through the flame. That is just the point that is brought out. We can 
not tell by visual observation. 

Mr. Leickiy: How do you account for that? 

Mr. McKinney: By the fact that the flame in one case has more luminous gases in 
it than it does in another. 

Mr. Leicxty: There would be a more luminous flame when more coal was going 
through. 

Mr. McKinney: Quite possible, but this does not indicate gas composition. There 
were times when gas analysis showed that firing was normal and when it would seem 
from looking at it that the flame was not right. 

Mr. Leickty: Was not hot enough; you could see right across the furnace. 

Mr. McKinney: Yes. But we found that the gas analyzer knew more about it than 
we did. 

Mr. Lercxty: Do you have to have the flame come out a couple of ft. on the side 
of the furnace to do this? ' 

Mr. McKinney: Usually, we do; we have the flame coming out the side of the 
furnace. That is a question of furnace pressure. 

Mr. Lercxty: In working the furnace under pressure, then, your refractory cost 
must be much higher than prior to using your gas analyzer. 


Mr. McKinney: No. It is not pressure that uses refractories; it is velocity of gases 
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¢ them. When I say “pressure,’”’ it does not amount to much as it is only 0.02 in. 


passin 
Memper: You say you have the flames coming 142 to 2 ft. outside of the furnace. 


You have to put quite a lot of pressure on to get that. 


Mr. McKinney: I believe that there are a lot of furnaces where you will see it 
flying out that far. 

MemBer: When you are melting the stock down, do you not think it is the pressure 
that is in the excess heat and the fact that the flame can not get past the masses of 
metal, rather than velocity of gases, that is burning out your side walls? 


Mr. McKinney: Well, it has to go past the charge anyhow before it gets to the 
door, so whether it comes out the door or somewhere else does not make any difference. 


Member: But if you do not hold so much pressure on there with your higher heat 
in your melting down process, you will have a lower refractory cost. 


Mr. McKinney: I do not know. We have not noticed that. 


CuatRMAN Futton: Did you have much difficulty in training your furnace men, after 
you had installed this apparatus, to cooperate in using the apparatus? 


Mr. McKinney: I must admit that it took a fair bit of applied psychology. I told 
the melter that I did not think that the apparatus was worth much and not to pay any 
attention to it at all, but just to go ahead and fire as he would. But curiosity gets the 
better of us all, and one day he said, “You have something on your mind. What do 
you think it shows, anyhow?” 

I said, “I do not know whether I am right or not, but you watch and find out. If 
you run all day with the needle over on the rich side, you are going to come out wtih 
your preliminary analysis too high in carbon and you are going to have to put a lot 
of steel in that mix and you are going to have a lot of work. On the other hand, if 
ou run it clear down on the lean side, you are going to burn your heat and you will 
get into trouble. That is what I think it shows. I am not sure. You watch and find out.” 

he effect of that was that about two months later he came to me and said, “How 
do you expect me to melt this heat? The analyzer is not running; the battery is out 
today; it will not run.” 

C. C, Lawson*: From the time that the heat is tapped, do you notice a pick-up or 
loss either in silicon or manganese? 

Mr. McKinney: Sometimes we have a pick-up in silicon. Sometimes we have a 
drop in silicon. We always have a drop in carbon. 

Mr. Lawson: Did I understand you to say that you had a greater loss of carbon 
during the melting than during the superheating? 

Mr. McKinney: Yes, always. 

Mr. Lawson: I have always found the opposite to be trur. 


Mr. McKinney: What period do you refer to as melting down, up to what point? 

Mr. Lawson: Up to when it is all melted. 

Mr. McKinney: We do not know until we take the preliminary analysis. Our melting 
down time is up to the preliminary analysis. 

Mr. Lawson: You take the preliminary analysis shortly after everything is melted, 
do you not? If you wait until the time you tap it, that is different. I was thinking of 
taking a preliminary when the iron had become sufficiently hot to dip a sample. 


Mr. McKinney: You might be right in that case, but I think that would be taking 
the preliminary too soon for the best practice. We usually wait until the iron is much 
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hotter than that before taking. the preliminary; and if we wait until that point, we § 
that the loss is two times as much up to that point as it is after that point. 


nnd 


Mr. Lawson: I believe you are right if you wait until the iron is hot before yo, 
take the preliminary. Then, I would agree with you. If you take it shortly after it 
is melted, I would not. 

Mr. McKinney: If you take the sample too soon, you stand quite a large chance 
that the bath is not properly mixed and you may get a sample that is not representative 
of the whole heat, which may induce an error. 

MemBeErR: Does your melter draw preliminary sprues and break them for preliminary 
examination ? 

Mr. McKinney: He does not break any more. I did not tell him not to; he stopped 
of his own accord. His interest in breaking one of them and looking at it was so small 
that he wanted to save himself the labor of pouring a second one, so he only pours one 
for the laboratory, because he does not care what it looks like. He gets the analysis back. 

MemBeR: Before you had this analyzer, what did he do? 

Mr. McKinney: Before, he used to pour two sprues. 

MemBER: Then he did not take them at perhaps '-hr. intervals. 

Mr. McKinney: He only took them at one definite point. 


MemBeR: Some people do believe in taking a series of four or five sprues and watch- 
ing them as the changes are taking place. 

F. J, Wurscuer®: What is the size of the furnace that you are using, with regard 
to tonnage, and did you notice if, by the use of this method, you had a difference in 
the melting down period? 

Mr. McKinney: The melting furnace is a 20 to 25-ton furnace. I can not say that 
any definite difference was noted in the melting down period, because we can melt down 
satisfactorily within different variations of CO-CO, balance that are not great enough 
to cause a great difference in melting down time but are great enough to cause a 
difference in drop in carbon content. 

Mr. WurscHER: What is the furnace melting rate per hour? 


Mr. McKinney: On a morning heat, it is about 22 or 23 min. to the ton. On the 
afternoon heat, it is about 13 or 14 min. to the ton. 


® Chicago Railway Equipment Co., Marion, Ind 
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Hardenability of Some Cast Steels 


By J. B. Carne*, LockLanp, OxnIo 


Abstract 


Because of the increasing use of heat treated steel castings, the 
hardenability of cast steel has become important. The fundamentals 
of why steel hardens when quenched, and the reasons for the adoption 
of a new test to measure hardenability are discussed. The results of 
an investigation to determine the hardenability of some cast steels, and 
the correlation of these results with those of wrought steels are reported. 
The actual results are also checked with those obtained, theoretically, 
from the chemical analysis. 


INTRODUCTION 


1. Although the term hardenability is very new, the property in steel 
that it measures is as old as the art of steel making. This property has had 
many names, probably the most common of which were “timbre, body and 
personality,” terms used continually by the older toolmakers. This property 
was, to these men, a very mysterious one, and was an unknown quality of 
the steel that defied control by ordinary chemical analysis or by temperature 
control during the heat treatment used in those days. 


” 


2. This mysterious quality can best be shown by comparing two small 
bars of 1.0 per cent carbon tool steel, of identical analysis as to carbon, 
manganese, silicon, sulphur and phosphorus contents, both being quenched 
in water at the same time after heating in the same furnace. When these 
bars are broken it will be found that the amount of energy required to break 
them and the grain appearance of the fractures are entirely different. Even 
though the surface hardness of the tough bar is slightly higher than that of 
the brittle bar, the brittle bar will break easily, showing a course-grained 
fracture, while the tough bar is fine grained and requires many times the 
energy to break it than does the coarse-grained bar. 


3. Although a fine-grained steel is tougher than a coarse-grained steel, 
this fact is not sufficient to explain the great difference in toughness. If 
these bars are sectioned and a hardness survey made through the sections, 
the reason for the difference is very clear. Figure 1 shows the hardness of 
two such bars. Rockwell C hardness readings have been taken at 1/16-in. 


*Metallurgist, Sawbrook Steel Castings Co. 
Nore: This paper was presented at a Hardenability and Heat Treatment of Steel Castings Session of 
the 48th Annual Meeting, American Foundrymen’s Association, Buffalo, N. Y., April 27, 1944. 
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intervals across the sections and the readings plotted. This hardness sure, 
shows the surprising fact that even though the surface hardness of the bay 
is almost identical, the hardness at the center of the sections is entire) 
different. 

4. In the case of the coarse-grained steel, the bar has hardened at th 
center to 64 Rockwell C hardness, while the center of the fine-grained ste¢ 
has hardened only to 43 Rockwell C hardness., This is the reason for the 
great difference in toughness. The tough, fine-grained steel is, in reality 
similar to a carburized steel with a hard case and a relatively soft core. the 
soft core requiring a great deal of energy for rupture. 

5. In other words, these two pieces of steel have different hardenabilities: 
the difference in hardenability, in this case, being due to austenitic grain size, 
Grain size is only one of a number of variables that influence hardenability, 
A great deal of work has been done in this country in the past ten years to 
find out not only what these variables are, but also to measure them quan- 
titatively, and to find out from the theoretical standpoint, why these variables 
do affect hardenability. 


Quantitative Measurement of Hardenability 


6. First a word regarding the importance of measuring hardenability 
quantitatively. In the first place, when a casting is cooled at a rate much 
faster than in the furnace, the hardness at the surface is not a criterion of 
the hardness at the center of the section. A horrible example is, of course, 
the two bars shown in Fig. 1. This means that a design based on the strength 
corresponding to the surface hardness is weak, as the average strength of the 
section is much lower. 

7. Then, it has been shown, at least for hot-worked steel, that a steel not 
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Fro, 2—Cross Section or Cast Steger Gear SHowinc Non-Unirorm Harpenasivity. 


fully hardened is notch sensitive, as measured by the impact test, because of 
its microstructure. In order to obtain maximum resistance to notch sensi- 
tivity, it is necessary to fully harden the section throughout on the quench, 
revardless of the hardness required after the draw. 

8. This property assumes even more importance, as in the case where a 
slight difference in hardenability can mean the difference between hardening 
even the surface and not hardening. Figure 2 shows an example. This gear 
had been made for years from S.A.E. 1040 steel, water quenched to 400 BHN. 
and drawn to 250 BHN. Suddenly, the gears would not attain even a 250 
BHN., even when brine quenched. To make matters worse, when a hardness 
survey was made on this gear, it was found that they were not hardening 
uniformly. The little finish pad on the hub, as shown in Fig. 2, hardened to 
400 BHN., the hub itself to only 190 BHN. This meant that the gear had 
to be drawn to soften the pad enough to make it machinable, and in so 
doing softened the rest of the gear so much that it had to be scrapped. 


9. The reason for this, as will be shown later, was a decrease in residual 
elements in the steel. Because of an intensive drive to conserve alloys during 
the war, the small percentages of nickel, chromium and molybdenum in the 
steel had decreased to almost zero. Increasing the carbon content of the steel 
by 0.10 per cent was sufficient to eliminate the trouble. This example, 
although unusual, exemplifies how important hardenability can be and how 
small changes in hardenability can mean the difference between acceptance 
and rejection. 


10. Davenport and Bain’ and others have investigated and shown the 
fundamentals of why steel hardens, and have shown what is even more 
important—how to obtain quantitative data showing just how to quench to 
obtain a given hardness. The method of obtaining these data is simple, but 
very laborious. Literally, hundreds of samples are quenched from the harden- 
ing temperature, not to room temperature but to various elevated tempera- 
tures. and held at these temperatures for periods of time varying from a 
fraction of a second to weeks. When this is done, “S” curves like that shown 
in Fig. 3 are obtained. These curves are quite complicated, and some portions 
are not fully understood as yet. However, two points shown by these curves 
are very important. 


— 


‘Superior numbers refer to references at end of this paper. 
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Cooling 


11. In order to fully harden, the steel must be cooled at a rate that wil] 
pass between the ordinate and the nose of the “S” curve. For the particular 
steel shown, the limiting time is that between points “A” and “B” in Fig, 3 
and all parts of the section must be cooled to below 1200 °F. in less than 
one second. After the section has been cooled through this range the Cooling 
rate can be decreased tremendously, and the part will be just as hard as if it 
had been cooled to room temperature at the same rate it passed the nose of 
the “S” curve. This means that, for this particular steel, if it be quenched in 
lead at 700 °F. and, after it has reached 700 °F., allowed to cool in air to 
room temperature, it will be just as hard as if it had been quenched in brine 
all the way to room temperature. 

12. The second important point is that any change made to increase the 
hardenability of steel merely moves the nose of the “S” curve (point B) to 
the right and allows more time for the steel to get past the nose on cooling. 
If the cooling rate is slowed up, because of either the quenching medium or 
size of section, it is possible to fully harden with this slower cooling rate. 


Grain Size and Chemical Composition 


13. There are any number of variables affecting hardenability, or the 
relation of points “A” and “B” in Fig. 3. Two major variables are grain size 
and chemical composition. It is well known that chemical composition deter- 
mines how a steel will harden, but it has not been known until recently just 
how it affects hardenability. That is, we have not had quantitative infor- 
mation. 

14. The effect of grain size is of prime importance to the steel foundry- 
man. There are many ways to change the grain size of steel but, from the 
practical viewpoint of the foundryman, the most important is the aluminum 
content of the metal. Many foundrymen think of aluminum solely as a 
control for porosity and neglect its profound effect during heat treatment and 
on the physical properties, especially notch sensitivity or impact strength. 
Its effect on hardenability is so great that the hardenability of an aluminum- 
killed steel cannot be compared with the same steel without aluminum 
present in the metal. In fact, the sole difference between the two bars of tool 
steel shown in Fig. 1 can be a matter of 0.01 or 0.02 per cent aluminum in 
the steel. The coarse-grained, brittle, fully hardened steel can be a silicon- 
killed steel, no aluminum added; 0.01 per cent residual metallic aluminum 
in the same steel changes it to a fine-grained, tough, shallow hardening steel. 

15. Grossmann? and Crafts and Lamont® have determined quantitatively 
the effect of grain size and cemposition on hardenability. It is now 
possible, from their curves, to calculate the hardenability of any analysis and 
grain size without even making the steel. Unfortunately, this work has been 
confined solely to hot-worked steels; no work has been done on cast steels. 
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Again, this test is too laborious to be used as a production control. It involves 
hardening a number of section sizes from each analysis and grain size and 
determining the section size when the steel just hardens throughout the section. 
As the specimens must be sectioned in the hardened state, they cannot be sawed 
or machined, but must be cut with a cut-off wheel. This requires elaborate 
precautions so that the cut-off wheel does not heat and temper the specimen. 


End-Quench Hardenability Test 


16. Jominy and Boegehold* then introduced a simple test for harden- 
ability that is ideally adapted to production control. Instead of hardening 
the whole section, only the end of the specimen is in contact with the quench, 
a stream of water. Hardness readings taken longitudinally along the surface 
of the bar will give the hardness of the steel from that equivalent to a drastic 
quench to that of an air quench as the distance from the .water-cooled end 
increases. The cooling rates at all distances from the water-cooled end have 
been determined. The work of Scott® correlates these cooling rates with the 
cooling rates at the center of simple sections, quenched in different quenching 
media. Field® has correlated, at least partially, the results of the end-quench 
test with those of Grossmann* on the effect of composition and grain size. 
As we know the cooling rates throughout the length of the bar, we can apply 
all the information available in the “S” curves. 


17. The end-quench test is, then, a key to unlock the door to a world of 
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knowledge as to the behavior of cast steels on quenching. Details of the end. 
quench specimen and fixtures are shown in Fig. 4. The drawing is self. 
explanatory. The simple test specimen is heated to 75 °F. above the A. 
point, held for 20 minutes and quenched cold in the fixture. The test js 
now a standard of the American Society for Testing Materials. Further 
details can be found in A.S.T.M. Specification A 255-42T. 


SCOPE 


18. As all published information on hardenability has been restricted to 
forged and rolled steels, the hardenability of some cast steels was investigated. 
These tests were made not only to determine the hardenability of these 
particular steels, but also to correlate the hardenability of cast steels to that 
of forged and rolled steels so that the mass of information now available on 
these hot-worked steels could be applied to cast steels. Then, too, thes 
tests were made as a basis of comparison for future tests on the effect of th 


new, complex hardenability additions that are coming into use. 


EXPERIMENTAL PROCEDURE 


19. Tests were made on 11 types of cast steel. Five to 15 specimens of 
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each type were tested. Test coupons were selected at random from produc- 
tion heats made over a period of 2 years. The standard test procedure was 
used throughout, with one exception. As the only water supply available 
a tap water, the temperature range of the quenching water varied from 
6) °F. to 75 °F. instead of the standard range of 75 °F. + 5 °F. As will be 
shown later, the results check very closely with the hardenability calculated 
from composition, so that the error from use of the colder water must be 
‘nappreciable. If this colder water does have any effect, the hardenability 
aoull be slightly high. 

20. The specimens were heated for hardening in an electrically heated 
tboratory furnace. It was found that if the specimens were placed in the 
furnace with the end to be quenched on a fire brick, that this end was only 
discolored, not scaled. Therefore, packing in cast iron turnings was dis- 


nensed with. 


EXPERIMENTAL RESULTS 
Carbon Cast Steel 


21. The hardenability ranges for carbon cast steels are shown in Fig. 5. 
These curves, and all other curves in this report, are only representative of 
fine-grained aluminum-killed cast steels, A.S.T.M. grain size 6 to 8. The 
ranges shown are established by the analysis of the specimens tested. Theoreti- 
cally, if an infinite number of specimens are tested, the results would not be 
separated in groups for each analysis, but there would be a continuous field 
of results from the lowest carbon to the highest, although the shape of the 
curves would be the same. 


22. The dotted line in Fig. 5 shows the average hardenability of S.A.E. 
\040 rolled steel, as published by the American Iron and Steel Institute’. The 
hardenability of this hot-worked steel is slightly lower than that of the com- 
parable cast steel. This same relation holds true for alloy steels, as will be 
shown later. The difference is the result of the slightly higher silicon and 
residual aluminum contents of cast steels. The theoretical increase in harden- 
ability resulting from the additional 0.20 per cent silicon and 0.02 per cent 
residual aluminum is about 14 per cent. This is equivalent to an increase of 
8 to 13 per cent in the Rockwell C hardness of the end-quenched specimen. 
This increase in hardness appears some distance away from the quenched 
end where the alloys control hardenability. The actual increase in hardness 


and the location of the increase depend on the hardenability of the indi- 
vidual steel. 


23. Note that the hardness of these carbon steels drop off sharply very 
close to the water-quenched end, about %-in. away from the end. The 
correlation between the distance from the water-quenched and the hardness 
at the center of simple sections is shown at the top of these charts. As can 
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be seen, only a 34-in. round will harden throughout when quenched in water, 
only a %-in. round in oil, if they be made of carbon steel. 


Chromium-Molybdenum Cast Steel 


24. Figure 6 shows the hardenability ranges for S.A.E. 4100, chromium- 
molybdenum cast steel. The dotted lines are the average hardenabilities for 
rolled S.A.E. 4140 and x4130 steel, as reported by the A.I.S.I. Again, the 
average hardenability, away from the quenched end, of cast steel is greater 
than that of hot-worked steel of the same carbon and specified alloy content. 

25. There are two very important points brought out by comparing Figs. 
5 and 6. The first is that the addition of alloys to a carbon steel does not 
increase the hardness. All they do is to increase the depth of hardness, that is, 
the hardenability. This point is shown in these two charts. The hardness at 
the water-cooled end is the same for S.A.E. 1040 as it is for S.A-E. 4140. 
With cooling rates as high as are present at this point, the carbon is the only 
variable controlling hardness. In other words, this part of the bar was 
cooled at a rate fast enough to pass the nose of the “S” curve for 0.40 per 
cent carbon steel. All that chromium and molybdenum do is to move the 
nose of the “S” curve to the right and allow more of the test bar to pass 1 
the left of the nose. This fact is too often overlooked, even by metallurgists, 
and can stand repeating. Carbon is the only element in steel that gives 
hardness; alloys only increase hardenability. 
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Effect of Section Size on Hardenability 


96. As can be seen from Figs. 5 and 6, S.A.E. 1040 and 4140 have about 
the same hardness up to a %-in. section quenched in oil, or a %-in. section 
quenched in water. If the section is any larger, the hardness of the 1040 
steel falls off rapidly, while that of the 4140 steel is still above 450 BHN. at 
the center of a 2-in. round quenched in water, and above 350 BHN. at the 
center of a water-quenched 4-in. round. 

27. As was shown in the case of the gear, this difference in hardenability 
also shows up on the surface. If the 2-in. round be made of S.A.E. 1040 steel, 
only the corners would harden in water; the surface midway between the 
ends of the cylinder would show soft spots on the surface. A casting more com- 
plicated than a cylinder will be hard at one point and soft at another, about 
the worst condition that can happen. 


Chemical Composition Control of Alloy Cast Steel 


28. The other point is brought out by comparing the width of the harden- 
ability fields in Figs. 5 and 6. When alloy castings are to be heat treated, 
the chemical composition must be controlled to within much closer tolerances 
than are necessary for slowly cooled castings, or even heat treated carbon steel 
castings, if the hardenability is to be controlled to within reasonable limits. 
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29. This point is explained by the fundamental fact advanced by Gro«. 
mann? in his work on the effect of composition. The theory is that the 
hardening effect of each element present is not additive, but that the harden. 
ability factors must be multiplied. Then, the higher the hardenability of ¢}, 
steel, the greater the effect of slight variations in all the elements present and 
the greater the effect of uncontrolled residual elements present. 

30. This is very important in foundry practice, and will probably mean , 
different scheme of alloying than is used for the larger heats in the rolling 
mills. The small, fast-melting units in the steel foundry do not allow sufficien: 
time for the laboratory to determine the residual alloy content of the heat 
after melt down. This is the only practical method of controlling these ele. 
ments; they cannot be controlled successfully by analysing the scrap before 
charging. 

31. What the foundry can do is to select analyses where variations jn 
residual alloys are minimized; analyses not dependent on a single alloy for 
hardenability, but on two or three, preferably those that are likely to be in 
the scrap and are not oxidized and removed during melting. This is advisable, 
not only for alloy conservation and cost, but from a strictly quality standpoint. 


Hardenability of Nickel Carburizing Cast Steels 


32. This is brought out by the hardenability range curves for nickel car- 

burizing steels shown in Fig. 7. Note the large spread in the hardenability 
results. The hardenability of these steels depends on large percentages of one 
alloy, nickel. The hardenability factor for 3.50 per cent nickel content is 
about 2.40. Even 0.05 per cent residual molybdenum will raise this factor to 
2.76; 0.10 per cent chromium with the molybdenum will raise it to 3.45, a 
total increase in hardenability of 44 per cent. If the steel had a lower nickel 
content, with chromium and molybdenum added intentionally, the same 
variation in chromium and molybdenum would cause a much smaller varia- 
tion in total hardenability. 
33. From the practical standpoint of the foundry, it would seem that 
the content of each alloy should be controlled between 0.50 and 1.00 per 
cent. If any one alloy content is much more than one per cent, the effect 
of traces of other alloys present is too great, as was shown for nickel. If the 
content of each alloy is kept to less than 0.50 per cent, small, unavoidable 
variations again have too great an effect, due simply to percentage variation. 
A variation of 0.10 per cent is 25 per cent if the total content is 0.40 per 
cent, and only half of that if the total content is 0.80 per cent. 

34. This suggestion is similar to that now used for the present “National 
Emergency” steels. It differs from these steels in that fewer alloys but slightly 
higher percentages of the individual alloy are used. The total alloy content 
is no greater than is present in the current “National Emergency” series of 
hot-worked steels. 
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35. The substitution of 3.30 per cent nickel by 1.50 per cent nickel and 
0.20 per cent molybdenum will give the same hardenability and be much less 
sensitive to variations in residual molybdenum. It also offers the advantage of 
lower cost and better machinability. An increase in the manganese content 
or the addition of chromium can further reduce the amount of nickel and 
molybdenum required. 


Hardenability of Medium Manganese Cast Steel 


36. Figure 8 shows the hardenability range curves for medium manganese 
steel with 0.30 per cent carbon and 1.50 per cent manganese. The com- 


parable curve for rolled steel is, in this case, slightly higher than the average. | 


for cast steel. This is because the S.A.E. 1330 rolled steel is slightly — 
in manganese, i.e., 1.60 to 1.90 per cent manganese. 
37. This chact (Fig. 8) again shows, not only the wide range in bnesiiions 


ability when the hardenability is dependent on one alloy, but also the rela; 


tively low overall hardenability when only one alloying element is present: 
Even though the theoretical hardenability of manganese is about the shighest 
of the usual alloying elements, the hardenability of this alloy lies between 
those for carbon steels and the chromium- molybdenum steels. The addition 
of another alloy, such as molybdenum, increases the hardenability tremen- 
dously. The addition of a third alloy, such as chromium, increases the harden- 
ability to such an extent as to make the alloy almost uncontrollable. ‘ . 
38. The average hardenabilities of the cast steels studied are given ir 
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Figs. 9 and 10. The average hardenability, as determined by the end-quench 
method, and the hardness in the center of simple sections can be obtained 
from the charts. It should be emphasized that the curves are applicable only 
to fine-grained aluminum-killed cast steel, and to simple sections like a cylinder. 
Cooling rates at the base of gear teeth, for example, depend on the design of 
the gear and must be determined experimentally. 


COMPARISON OF EXPERIMENTAL AND THEORETICAL HARDENABILITY 


39. Field® has developed a correlation between the work of Grossmann’ on 
the effect of grain size and composition and hardenability as determined by 
the end-quench test. Figure 11 shows the average end-quench hardenability 
curves as determined experimentally, and those calculated from the average 
chemical composition of the test specimens. As can be seen, there is a close 
agreement between the two. Most of the curves agree within one or two 
points Rockwell C hardness, well within the limits of experimental error. 
The greatest variation, 5 points Rockwell C hardness, is shown by the 4130 
steel. The hardenability of this particular steel, as determined experimentally, 
is consistently 4 to 5 points Rockwell C hardness below that predicated by 
the analysis. 

SUMMARY 


40. The hardenability of 11 fine-grained, aluminum-killed cast steels has 
been determined by the end-quench method. 
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41. It has been shown that there is a significant difference between the 
experimentally determined hardenability curves of cast steel and those for 
hot-worked steel. This increase in hardenability results from the slightly 
higher silicon and metallic aluminum of cast steel. 

42. The hardenability of cast steel can be calculated from the chemical 
composition and grain size, using the same formulae developed for hot- 
worked steel. 

43. Examples are given showing the importance of controlling the harden- 
ability, and the need of close control of chemical composition and grain siz 
if the hardenability is to be controlled. 

44. Suggestions are made regarding alloying practice for cast steel, not 
only from the standpoint of alloy conservation and cost, but also from the 
quality standpoint. Alloys are suggested to meet all three requirements. 
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DISCUSSION 


Presiding: C. H. Loria, Battelle Memorial Institute, Columbus, Ohio. 


Co-Chairman: H. F. Taytor, Naval Research Lab., Anacostia Station, Washing- 
ton, D. C. 

CuamMAN Loric: Mr. Caine brought out two very significant facts of interest to the 
foundryman. One is that it does not make much difference what the alloy content of 
the steel is; it is the carbon content that determines the maximum hardness that can be 
obtained. The other is that it is perhaps easier to control hardenability by using small 
amounts of several alloying elements rather than a large amount of a single element. 

N. F. Tispate’: How did you get hardenability of approximately 600 Brinell on 4140 
wrought steel and 500 Brinell on cast steel? 

Mr. Carne: The hardness values shown for 4140 steel must be correct, as McQuaid, 
Sykes, Jeffries, Grossman and a number of other investigators all have obtained 60 
Rockwell C on fully hardened 0.40 per cent carbon steel, whether it be alloyed or not. 
The average hardness at the quenched end of the cast 4140 bars, as shown in Fig. 6, 
is 57 Rockwell C, within the limits of experimental error. The curve for rolled 4140 
steel is that of the Iron and Steel Institute. One thing that I cannot explain is why 
the average hardenability curves for cast and wrought steels cross at a point %4-in. to 
%-in. from the quenched end. 

Mr. TispaLe: The carbon content of the steel has more bearing on the initial hard- 
ness than do the alloys present. 

K. L. Crarx?: In any discussion of this sort, the limitations of the Jominy bar should 
be fully realized. That is, if we have an ideal quench at the end and the water spray on 
the end of the Jominy bar almost approaches an ideal quench, the heat transfer for the 
first /4-in. is very rapid, and if we make a slight error in spacing, the hardness reading 
may be thrown off considerably for any given distance within the first %-in. Likewise, 
I would like to point out that beyond %-in., the Jominy bar does not give very reliable 
results, because the rate of heat transfer levels off beyond about %-in 

J. G. Kura*: You showed the hardenability of cast and wrought steel of the same 
grade with the cast steel having a higher hardenability than the wrought steel. Were 
these cast and wrought steels made from the same heat? 


*Molybdenum Corp. of America, Pittsburgh, Pa. 
* Naval Research Lab., Anacostia Station, Washington, D. C. 
‘Battelle Memorial Institute, Columbus, Ohio. 
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Mr. Caine: No, they were not made from the same heat. 


Mr. Kura: I believe that if cast and wrought were made from the same heat, y 
of the wrought material would have a higher hardenability than the cast material. 


1OSt 


Mr. Carne: A fairly extensive work by Rowland* shows that the hardenability o 
cast and wrought specimens made from the same heat is exactly the same, within th 
limits of experimental error. 

C. K. Donono*: We have done some work on the hardenability of cast steels, using 
a cast Jominy bar. The one-inch diameter test bar is cast in a metal mold about a 
inch longer than required, so that when cut to length there is a clean surface at the end 
to be quenched. We have found that hardenability, as determined with these speci. 
anens, correlates very closely with the analysis. On one or two occasions we were able. 
from the hardenability tests, to correct analytical errors. For instance, if we get 58 or 
59 Rockwell C hardness near the end of a Jominy bar of 4140 steel, we know that the 
carbon content has to be about 0.43 per cent. When all elements present are cop. 
sidered, the Jominy curves generally relate very closely to the composition of the steel 


4 American Cast Iron Pipe Co., Birmingham, Ala. 
*Merat Procress, p. 1133, December, 1943. 











Better Quality Aluminum and Magnesium Castings 
for Aircraft 


By Rosert E. Warp*, TETERBORO, N. J. 


Abstract 


In this paper, the author calls attention to the necessity of producing 
light metal aircraft castings of the quality and in the quantity 
demanded by the present emergency. Close coordination of the work of 
designers, engineers and foundrymen is given as the fundamental essen- 
tial in high quality casting production. A number of fundamental 
principles of casting design, with which the designing engineer should 
be familiar, are listed in the paper. 


INTRODUCTION 


|. Although there are a large number of foundries now producing alumi- 
num and magnesium castings for aircraft, the quality of work turned out varies 
to the extent that only a relatively small percentage of these foundries are 
capable of producing high quality, light metal aircraft castings of intricate 
design so often required to meet present-day applications. 

2. In many instances, light metal castings are new to the foundryman who, 
prior to the war, may have been in the gray iron, cast steel or copper alloy 
casting field. Foundries have been in production with light metals for several 
years, and still are not producing a consistently high grade casting in quantities 
required to meet production schedules. 


RADIOGRAPHIC INSPECTION 


3. Radiographic inspection of castings permits the use of lower factors of 
safety to the designer, since he no longer is required to double or triple the 
strength of the casting to allow for internal defects which, without radiographic 
equipment, are not discernible in a non-destructive test. 


4. To make full use of this inspection method and to save weight, which is 
the goal of all aireraft designers, it is necessary that they be assured that a con- 
istently high quality casting can be delivered on time in sufficient quantities 
before they will reduce the sections in castings and rely on the foundries to 
produce castings which consistently will pass the x-ray requirements necessarily 


*Eclipse-Pioneer Div., Bendix Aviation Corp. 
Nore: This paper was presented at an Aluminum and Magnesium Session of the 48th Annual Meeting, 
\merican Foundrymen’s Association, Buffalo, N. Y., April 27, 1944. 
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incorporated. Many times, the design subjects the casting to considerable 
stresses. In such cases, there is no choice but to secure reputable vendors, wh 
may be overcrowded, rather than chance vendors whose quality is inconsistent 
5. J. B. Johnson* has stated that there is an urgent need for suppliers o| 
high quality, light metal castings. It is not the purpose of this paper to present 
a magic formula for curing light metal foundry problems, but to review the 
fundamentals which are so often overlooked. While all of the following points 
are probably well-known to every foundryman and designer, experience has 
shown that every foundry, in one way or another, has neglected one or mor 
of these points. There should be no excuse for this negligence, since there 
little disagreement among foundrymen that the fundamentals herein presented 


are not sound. . However, if the basic foundry practice is not consistently good 


a product of consistently good quality cannot be expected. 


CastTING DESIGN 


6. Since the ease of production, speed of production and cost of a casting 
is more or less proportional to the complexity of its design, the layout stage is 
the first consideration. It can not be assumed that the average design drafts. 
man can be an expert foundryman. Furthermore, there is no reason that hy 
be one in order to design castings, but it is imperative that he consult an 
experienced foundryman or patternmaker when the first rough sketches are 
made, so that castability can be incorporated into the design with equal con- 
sideration to performance. 

7. So often, the first opportunity a foundryman is afforded to look over a 
¢asting is when the machine drawing or casting drawing is submitted for quo- 
tation. At this time, it usually is too late to make any drastic changes in the 
design which might be necessary to insure a readily castable piece. It is up to 
the foundryman to offer his services, and to do everything possible to spread 
an educational program, for it is not only to his advantage but to the cus- 
tomer’s advantage as well, since suggested changes so often will reduce the cost 
of the part, improve ease of making sound castings or expedite its production. 

8. When the condition arises, as it often does, that a design has not been 
reviewed by a foundryman until a request for a quotation is submitted, there 
is no reason why suggested improvements in design pertaining to castability 
should not be made at that time. This is so often overlooked, and, as a result, 
pattern equipment is made, pilot castings and often production lots produced, 
and then, because of the unsatisfactory nature of the casting, it becomes neces- 
sary to make design changes which naturally mean a change in pattern equip- 
ment and a serious production delay. 

9. Following are several fundamental principles of casting design with 
which every design engineer should be familiar: 

(1) Sections should be maintained as nearly uniform in thichness a 


*Chief, Materials Laboratory, Army Air Forces, Wright Field, Dayton, Ohio 
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(10) 


(11) 
(12) 


477 


possible, and changes in thickness should be gradual through use 
of the proper fillets or tapers. The heavier sections should be at 
the top of the casting in order to provide for directional solidifi- 
cation into the risers. Heavy sections below light sections are 
difficult to feed, and chilling may not always give satisfactory 
results. 

Fillets always should be indicated at intersections and must be 
large enough to prevent shrinkage cracks, but not so large as to 
cause heavy cross sections which may not be fed through the 
thinner walls. 

Castings should be made as simple as possible. It often is advis- 
able to make two sections instead of one, for the sake of sim- 
plicity. 

Protruding parts, which may be damaged in shake-out of the 
mold or warped in heat treatment, should be avoided. 

Large cores which are difficult to support may shift in the mold, 
causing mis-runs or wall thicknesses less than allowable. 

Draft angles should be shown on machine drawings as well as 
casting drawings to prevent later interference with machining 
operations. 

Allowances for finish machining should be either indicated on 
individual surfaces or noted on the drawing, since this practice 
varies somewhat in the industry. 

Design for easy division of the pattern—straight parting lines 
are desirable and are essential if machine molding is to be done. 
As few cores as possible should be used, and these should be 
simple. Many foundries find the coreroom to be the “bottle- 
neck,” since present-day design requirements employ a large 
number of cores. Simple cores may be machine made, which is 
quicker and less expensive. Undercuts should be avoided, suffi- 
cient support allowed, pockets should be open to relieve core 
gases, and holes provided where necessary for removal of the 
core wires. 

Metal inserts should be avoided where possible, since these pre- 
sent a problem in sand castings, causing blow-holes if the inserts 
are not dried thoroughly and preheated. 

Avoid large areas of thin sections, since these are difficult to cast. 
Allow sufficient draft to permit easy withdrawal of patterns, and 
avoid undercuts to permit straight drawing of patterns. 


Pertinent information, such as pressure tightness, stressed sec- 
tions and x-ray requirements should be incorporated in the 
drawing. 
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(14) Marking and lettering on the casting should be placed so tha; 
it will not interfere with drawing the pattern equipment o; 
gating the casting. 


(15) Machining pads should be cast on when necessary. 


10. The foregoing are a few fundamentals. The exact tolerances, draft 
angles, section thicknesses, etc., depend to some degree on the particular 
design, and it is necessary, therefore, that the foundryman be consulted during 
the design stage so that maximum advantage can be taken of these points. 


PRODUCTION SCHEDULES 


11. The production forecast for the part should be established and 
obtained by the foundryman, especially if he is to make his own pattern equip. 
ment, so that the choice of metal or wood pattern equipment, machine or hand 
molding and other foundry procedures may be made correctly. All too often, 
a casting is placed into large production, using pattern equipment and mold- 
ing methods which were designed for only a few parts, and progressing month- 
to-month with patched-up equipment, resulting in inferior quality castings. 


Gates and Risers 


12. When a design has been established, the gating and risering should 
be carefully calculated. Indiscriminate use of gates and risers is harmful and 
costly. It is good practice in gating design to establish the gates into the 
casting and work from there to the sprue or sprues. Areas should be calcu- 
lated to insure that the cross-sectional area of the runners is equal to the area 
of the gates, and that the cross-sectional area of the gates is less than the cross- 
sectional area of the sprue or sprues at their narrowest point. This insures the 
proper choking at the sprues, and uniform, unrestricted flow through all por- 
tions of the casting. Castings should be fed as near the bottom as possible, and 
at as many places as is necessary to insure uniform metal temperature through- 
out any horizontal plane of the casting. 

13. Gates and risers should be a part of the pattern equipment, and should 
not be cut by hand after the pattern has been drawn, for two reasons: (1) It 
is impossible to get the same type of gating and risering in each casting, and 
(2) cutting a gate or riser and smoothing the surface of the sand afterward 
changes the properties of the sand from those which are obtained when a pat- 
tern is drawn. Gates and runners should be of the same material as the rest 
of the pattern, and not of clay or some other molding material which will wear 
off rapidly and may be marred easily, leaving an irregular surface on the gate 
or runner. 

14. Before production is started, pilot castings should be made from the 
production pattern equipment under conditions of close control, and such 
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factors as sand conditions and metal temperatures should be recorded, along 
with dimensional records and x-ray reports. Should regating be necessary, it 
should be of a temporary nature until satisfactory castings are obtained, but 
then should be made permanent and additional pilot castings run to check the 
permanent gating. If the x-ray examination is satisfactory, as indicated from 
a number of samples, the part is ready for production. 

15. Once in production, the part must be made with the same type of sand, 
the same alloy, poured at the same temperature and under the same condi- 
tions. No changes of any sort from the procedure should be allowed. This is 
extremely important. Should it become necessary, for some reason or another, 
that the gating, risering or molding methods be changed, the castings then 
should revert to the experimental stage until the new methods have proved 
satisfactory. 

16. In order to insure consistent quality after the casting has been put into 
production, it is necessary that every operation be controlled as strictly as 
possible in order to reduce to a minimum the many variables which are 
encountered in making castings. This is especially true of sand castings. 

17, It is not only necessary to establish workable foundry procedures, but 
it is necessary to enforce them in every respect. First, each procedure should 
be put in writing, then distributed to all parties concerned and finally con- 
trolled to prevent departure from these procedures. Rule-of-thumb methods 
should be avoided wherever possible, and every effort be made to eliminate 
the variation of the human element. 

18. Sand must be controlled at all times. Uniformity of the properties of 
the sand, from one batch to another and from one day to the next, is an abso- 
lute requisite. As many tests as are found necessary should be conducted to 
guarantee uniformity. There are instruments for making all the necessary 
tests, and these should be used. They are far more accurate than the judgment 
of even an experienced molder or foundryman. 


Melting and Pouring 


19. Melting and pouring must be standardized. The procedures for fluxing, 
superheating, refining and pouring must be controlled closely. Many bad 
castings occur as a result of gassy metal, dross inclusions, improper pouring 
temperatures and alloy contamination. Pouring temperatures must be held 
to those determined when pilot castings are made. This is just as important 
in a sand foundry as in a permanent mold or die casting plant, although the 
metal mold manufacturers usually are more careful in this respect. 

20. Scrap gates and risers and other metal to be remelted must be sorted 
carefully and remelted with new metal in percentages that will not affect the 
physical properties of the final product. Melting must be definitely scheduled 
so that heats of metal do not remain at pouring temperatures for extended 
periods of time awaiting the molds which are to be filled. Cleanliness and 
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general all-around good housekeeping will aid in reducing the number of gcray, 


castings. 


Temperature Control 


21. Heat-treating furnaces must be checked periodically to determine th 
accuracy of the temperature recording instruments, especially the solution. 
treatment furnaces, since these temperatures are very critical for light meta! 
castings. All temperature recording instruments, such as thermocouples on 
melting furnaces and core-baking ovens, as well as the heat-treating furnaces 
must be checked regularly to insure that they are indicating the correct 
temperature. 

22. Control of the composition of the products of combustion of oil-and 
gas-fired melting furnaces not only increases pot life but reduces the likelihood 
of atmospheres which will gasify the molten metal. This is particularly true 
of aluminum alloys. 


CONCLUSION 


23. Making high quality aluminum and magnesium castings is not an art; 
it is a science and, as such, must be controlled in a scientific manner. There 
must be no guesswork. There must be a definite technical reason for even 
procedure in the foundry and, about all, there must be strict control. This 
point cannot be over-emphasized, since the science of metal casting is one 
involving many variables, any one of which may mean the difference between 
a satisfactory and an unsatisfactory casting. 

24. It is known that excellent quality castings can be produced when the 
conditions are just right, and we know that there is a great need for this quality 
casting in aircraft today. In special cases, extreme care is taken in making sand 
castings and, as a result, their quality is superior to the average run of castings 
in the foundry. True, it is often more expensive to make high quality castings 
and, if the application does not warrant the best, it is then uneconomical to 
make use of a superior product. However, when a high quality casting is 
desired, a real effort should be made to produce a casting in production which 
the foundryman feels is as fine a casting as possibly can be made. This can 
be accomplished only by an earnest effort to study the casting thoroughly and 
control it in production. 

25. The design engineers stand ready to make use of castings of consistently 
good quality for many more applications than are now employed. Many vital 
applications present themselves where the section thickness of the casting maj 
be reduced, thereby saving a few oz. or a few lb. per casting and, perhaps, 
saving many lb. in a single airplane and increasing its load-carrying capacity 
proportionately. 

26. It is up to each and every foundry supervisor to investigate thoroughly 
any procedures which give inconsistent results, analyze the problem, solve it 
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nd then investigate the next one until he feels that the best standardized 
control is employed. There is no question but that improvements in stand- 
wdization of control will yield a greater quantity of superior castings. ‘They 


wre needed now—now is the time to make more of them. 


DISCUSSION 


Presiding: L. BRown, Magnesium Fabricators Div., Bohn Aluminum & Brass Corp., 
Adrian, Mich. 


Co-Chairman: J. C. Fox, Doehler Die Casting Co., Toledo, Ohio. 


D. Bascu’: It would be very hard to improve on Mr. Ward’s excellent paper. How 
ever, there were a few points that are in line with his suggestions, but should be added. 
One of them is that the x-ray check of pre-production samples should be accompanied 
by a breakdown test, because x-ray examination is not by itself a means of determining 
the serviceability of a casting, but simply a control of the quality of a casting after 
maximum permissible structural deficiencies not interfering with serviceability have 
been established. 


This breakdown test, which should be based on the engineering requirements as laid 
down by the engineer, serves another excellent purpose in that it prevents a rejection of 
the casting if failure is not due to faulty metal, faulty structure or faulty foundry prac- 
tice, but to a mistake on the part of the designer, that is, if he has under-designed the 
casting. Many times we find it advisable, after we have run the breakdown and x-ray 
and made an analysis and everything of that sort, we go back to the designer and say, 
“You had better redesign the casting if you want it to stand the service that you expect 
from it.” 


Now in line with that it might be interesting to note that your Association has put in 
motion the machinery to establish specifications for these controlled high quality cast- 
ings which are concurrent with the specifications for ordinary run castings but do not 
supersede them. Castings of this controlled quality should be used only where it is 
definitely necessary to have some casting that can be relied on under any emergency 
that service may provide, where the failure of the casting might mean the death of an 
operator, the failure to consummate an important military objective or anything of 
that sort. The consumers must realize that castings of that sort will naturally cut down 
the number of available producers, they will cost more and all that, and they should 
not be resorted to unless there is some very good reason for going to all that trouble. 


G. Evtts?: Have you used the fluorescent penetrant inspection? 

Mr. Warp: Yes, we use it, especially on die castings and permanent mold castings. 
We found the fluorescent method of inspection, or black light method, particularly use- 
ful in die casting and permanent mold casting inspection, where surface cracks are apt 
to be more prevalent than in sand castings. It must be used with care and the interpre- 
tation must be made with good judgment, since the inspection is extremely critical. 
However, one feature of this inspection is that if we have small castings that show 
cracks under this fluorescent light, if the casting is broken at this crack and then the 


‘General Electric Co., Schenectady, N. Y. 
* Magnaflux Corp., Chicago, II. 
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cracks are examined again under the fluorescent light, it will show without any trouble 
at all the depth or penetration of the crack and indicate whether it is merely superficial 
or something that is serious. 

C. E. Netson’: It is quite important that people who use castings give considerahj- 
thought as to which castings and what parts of those castings must have high quality. 
and insist that the producers give them quality in those particular places. In many cases 
the quality demanded is unnecessarily high; in others, the quality specified is too Joy 
If the foundry technicians responsible for the quality of a casting are properly advised 
as to the regions in a casting which are critical, they may then be able to concentra, 
on these areas and on critical castings, rather than spread themselves so thin trying to 
make all parts reach an unnecessarily high standard. 


> Dow Chemical Co., Midland, Mich. 








Introductory Observations on the Rate of Solidification 
of Malleable Iron 


By B. C. Yeartey, R. P. Scoauss anv P. A. Martin*, CLEVELAND, OuIo 


INTRODUCTION 


|. The problem of gating and feeding malleable iron has been such a 
complex one that a series of experiments have been performed to determine, 
if possible, a sound basis for considering the difficulties involved. 


2. Feeding a malleable casting is, in the final analysis, a problem of 
supplying sufficient liquid metal to any section to compensate for a volume 
change. This volume change is brought about by the temperature drop before 
solidification and by the change from the liquid to the solid phase. This 
change in volume has been shown by various investigators to be approximately 
one per cent for each 100 degrees of temperature drop before solidification 
and 4 per cent during solidification. Therefore, it is necessary, if a solid 
casting is to be obtained, to supply by some means 5 per cent by volume of 
liquid metal to every section of a casting during solidification. 

3. There are three principal methods by which liquid metal is or can be 
supplied to compensate for this volume change: 


(1) Metal which solidifies during the filling of the mold cavity will 
automatically receive sufficient liquid metal to compensate for its 
volume change. 
One section of a casting may draw liquid metal from another 
section of the same casting if the rate of solidification of one section 
is more rapid than the rate of solidification of the other section. 
3) External reservoirs (feeders or heads) may be used, but the rate of 
solidification of these must be slower than that of the section which 
they are feeding. 


nh 


4. In all three methods of supplying liquid metal to compensate for the 
volume change, the rate of solidification is an important factor. It seems 
possible that the feeding and gating problem can be approached by studying 
the rate of solidification. Possibly such a study will allow the predicting or 
control of what will occur when a casting freezes. 

‘National Malleable and Steel Castings Co. 


Nore: This paper was ptesented at a Solidification and Heat Transfer Session of the 48th Annual 
Meeting, American Foundrymen’s Association, Buffalo, N. Y., April 25, 1944. 
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SOLIDIFICATION 


5. The process of solidification is one of removing heat from the liquid 
metal. To predict how or when a casting will solidify is thus a question of 
being able to determine the heat transfer from the metal to the molding 
medium. This transfer of heat is undoubtedly affected by a great number of 
variables. Among them are: 

The conductivity of the molding medium. 
The specific heat of the molding medium. 
The temperature to which the mold is heated by the metal filling 
the mold. 
The design of the casting, such as re-entrant angles, sections which 
interfere with normal heat transfer, etc. 
The location of casting surfaces in relation to the outer mold 
surfaces. 

(6) Internal coring. 

(7) The location of feeders, gates and heads. 

6. Thus, when the variables which affect heat transfer are considered, 
the amount of metal which will solidify during the time required to fill the 
mold cavity becomes a function of the following: 

(1) Conductivity and specific heat of the molding medium. 
2 


Temperature of the metal. 


4 


(2) 
(3) Time. 
(4) 


The amount of heat imparted to the mold by the liquid metal 
flowing over the mold surface. 


Gates and Inlets 


7. It seems probable, after considering the above factors, that the location 
of the gate or inlet for the metal should be studied from the angle of the 
effect of the metal flowing over the sand on the solidification rate of the 
particular section. An example of this is illustrated in Fig. 1. 

8. This figure illustrates the fact that it is sometimes quite difficult to 
feed a heavy section when the casting is poured through this section. The 
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difficulty is primarily due to the fact that the molding sand around the heavy 
section has been heated by the metal flowing over it. This heating of the 
mold cavity has retarded the solidification of the heavy section to such an 
extent that practically all the feeder was frozen before the casting solidified. 
Under these conditions, little or no solidification during the pouring time can 
be expected since the incoming metal will wash away any frozen particles. 
Thus the feeder will be forced to supply more metal to the casting than would 
be necessary had the heavy section partly solidified during pouring. 


Casting Design 
9. Similarly, when the factors which affect heat transfer are considered 
in studying casting design, it is apparent that one section of a casting may 
freeze faster than another, even though it may be of greater mass. Since it 
is a known fact that one section of a casting will draw metal from another, 
it is necessary in order to secure solidity to be able to predict which section 
will freeze first. Some of the variables which affect freezing rates can be 
explained as follows: 
Re-entrant angles retard solidification because the molding sand in 
in the angle is heated quickly to a high temperature and dissipates the 
heat slowly. Air is a much better conductor of heat than is sand. Any 
part of the casting which is near the outer mold surface will lose heat 
more rapidly and thus solidify more quickly than will a similar section 
deep inside the mold. 
Internal coring can retard solidification. The heat transmitted to an 
internal core often must travel a considerable distance through the 
sand before it can be dissipated. Since sand is such a poor conductor, 
this rate of dissipation is quite slow—much slower than is true in the 
case where the heat can reach the mold surface readily. 


Feeders and Heads 


10. The third method of supplying liquid metal to casting during solidifica- 
tion (feeders and heads) is also influenced by the various factors which affect 
heat transfer. The primary function of a feeder is to retain metal in the liquid 
form. To do this, a feeder should be placed, if at all convenient, in a position 
where its heat loss will be slower than that of the casting it is feeding. It is 
well to remember that even under good conditions, where the heat loss of 
feeder and casting is the same, a feeder supplying a 2-in. section will have at 
least a one-inch solid shell. All other things being equal, the loss of heat from 
any feeder is directly proportionate to its surface area. Thus a well designed 
feeder will have a high ratio of mass to surface area. Static pressure does 
not have much to do with feeding ability so that the height of a feeder is of 
little importance except for one factor, which will be discussed later. 

ll. Live feeders, i.e., feeders through which the casting is poured, have 
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a favorable freezing rate because they receive the last hot metal and because 
the sand surrounding the feeder has been heated by the metal flowing over jt 
On the other hand, dead feeders, i.e., those not connected to the sprue, have 
a high solidification rate in relation to the casting. In this case, the feeder 
has been filled by metal running through the casting and thus the metal js 
of a lower temperature. In addition, the feeder cavity has not been heated 
by the liquid metal as much as has the casting cavity. 

12. Open feeders or heads, since they are exposed to the air and since 
they are also filled from the casting, have a very high freezing rate. The 
most efficient feeder, from the point of view of liquid metal available for 
feeding purposes, is the live feeder. 

13. The feeder must be connected to the casting by a suitable mouth, 
When the factors affecting heat transfer are considered in the study of the 
design of the mouth of feeders some interesting facts are disclosed: 

(1) The ratio of mass to surface area must be as high as possible. This 
suggests a round mouth rather than a flat one. 

(2) The sand surrounding the mouth should be heated as much as 
possible during the pouring of the casting because a low rate of 
heat loss through the sand is desirable. 

14. This suggests sharp re-entrant angles between the feeder and the 
casting. Surprisingly good feeding results have been obtained using the thin 
vertical mouths illustrated in Fig. 2. 


Volume Change and Heat Loss 


15. Connecting the process of solidification of a casting with the factors 
which affect the time of the volume change and the variables which control 
heat loss leads to some interesting deductions. 

16. The freezing of the metal in a casting starts with the formation of a 
thin film or skin at all surfaces where the iron is in contact with the molding 
medium, as shown in Fig. 3. This film will vary in thickness with the rate 


Fic. 2—Tue Smatter DiAMETER MouTH or THE Freepers SHowN Here ALLows THE SAND IN THE 
RE-ENTRANT ANGLES TO Become HeaTep AND ALLows THE Feeper To Perrorm Its Function OVER | 
Loncer Pertop or Time. 
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Fic. 3—ILLusTrRATING SKIN FoRMATION IN CASTING. 


of heat transfer of the mold. It is thickest at corners where the metal projects 
into the sand, and thinnest at fillets where the sand projects into the metal. 
This skin becomes thicker as time is allowed for the transmission of heat into 
the mold. Under normal conditions, an air-tight envelope will be formed 
which contains the remaining liquid metal. As more and more solid metal is 
deposited on the inner side of this envelope, a partial vacuum will be formed 
due to the change in volume between the liquid and solid phases. This partial 
vacuum may rupture the outer skin and draw mold gases through it, thus 
forming a cavity. 

17. Ruptures are most liable to occur at points of poor heat transfer, such 
as fillets or points where the sand projects into the metal. This accounts for 
the fact that surface indications of a shrink are most likely to occur at fillets 
and re-entrant angles. Unfed bosses will sometimes settle or draw down on 
the cope surface or at the junction of the boss and the casting, as shown in 
Fig. 4. Attempts have been made to allow for the settle on the cope surface 
by crowning the pattern at this point. This method usually is unsuccessful 
because as soon as the pattern is crowned enough to produce the mechanical 
strength of a dome, the boss will draw in on the drag side, as shown in Fig. 5. 





Fic. 4—Draw-Down on Cope Causep sy Parma Vacuum. 
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Fic. 5—Crowninc Cope To Prevent Draw-Down Orten ReEsuLTs IN THE Drac Surrace Drawinc 1s 


This phenomena is certainly an indication of a negative pressure within the 
envelope of solid meta! which forms the outside of the boss. 

18. When such a condition exists, all that is needed to make this section 
solid is to have a connection to a supply of liquid metal and allow the boss 
to suck metal from this liquid reservoir. No static pressure is needed to force 
metal into the boss. A condition such as this is possible only when there is no 
break in the skin of the casting. Had the negative pressure developed before 
a strong envelope was formed at the point “X” in Fig. 4, mold gases would 
have been drawn into the casting, relieving the negative pressure and giving 
the characteristic shrink hole commonly seen at re-entrant angles. 


Feeding Pressure 


19. When it is possible to produce an air-tight skin around a casting 
feeder, height is of little importance. There are cases where it is necessary 
to use a feeder, higher than the casting, to produce an impervious envelope. 
The solidified skin of a casting is produced by the mold absorbing heat from 
the metal. If the metal is not in contact with the sand, the rate of heat 
absorption will be considerably decreased. The metal is held against the cope 
surface by the static head of either the sprue or feeder. If the feeder is lower 
than the casting and the sprue freezes first, there will be no pressure to hold 
the metal against the cope surface. Such a condition will result in a thin, 
sasily broken film being formed on the cope surface. When this film ruptures, 
there will be no negative pressure to draw metal out of the feeder, and a 
shrink will result. 

20. Whenever it is not possible to produce an air-tight envelope, feeders 
must be designed to exert static pressure, that is, be made higher than the 
casting. Another condition will require the use of feeders which exert static 
pressure. If the metal contains dissolved gases, which are evolved during 
solidification, these gases will relieve the negative pressure normally developed. 
and static pressure will be required to insure solidity. 

21. Feeding or producing solidity in a casting is, in the final analysis, a 
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problem of timing the solidification of every part of the casting. To produce 
solidity, every section of a casting as it freezes must be supplied with liquid 
tal from some source. The source of this liquid metal may be, and often is, 


metai 
some part of the casting, but the last section or sections to freeze must be 
supplied by some external means. P 
( } 

29. One tool for the timing of freezing, which the foundryman has used 
for years, is the chill. This molding medium has a high specific heat and a 


conductivity. These characteristics cause a much more rapid extraction 


it from the liquid metal and as a result a much higher rate of solidifica- 


It is not possible to remove a shrink by using a chill, but it is possible, 
within certain limits, to time the freezing of a particular section so that it 
ill draw liquid meta! from another section. The last section to freeze can 
be then fed by a suitable feeder. As long as any section can be supplied with 
the proper amount of liquid metal to compensate for the change in volume 
as it freezes, no criticism of the use of chills is justifiable. 


SOLIDIFICATION TESTS 


23. Procedure: In order to obtain definite information on the freezing 
characteristics of malleable iron as discussed in the introduction, it was 
decided to follow a program similar to that of E. C. Troy in his work on the 
solidification of cast steel. 

24. Equipment: The equipment used consisted of the three patterns 
shown in Fig. 6. These patterns were 14%, 3 and 4 in. square by 8 in. in 
height. They were molded in the wooden flask of Fig. 7. 

25. Materials Used: The malleable iron used in the tests came from a 
cupola-air-furnace duplex arrangement. The analysis of this iron was held 
within narrow limits of carbon, 2.45 to 2.60 per cent; silicon, 0.85 to 1.00 
per cent; and manganese, 0.35 to 0.45 per cent. The iron was tapped into a 
covered ladle and then into the mold. Except for the tests to determine the 





Fic. 6—Patrerns Usep 1n Tests. 
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Fic. 7—Woopen Fiask Arrer Pattern Has Been WITHDRAWN. 


effect of temperature upon solidification, the temperature of the iron was 
maintained between 2800 and 2850° F. 

26. In order to lower the temperature of the iron for the tests for effect 
of temperature, iron was poured from the ladle into a 50-lb. hand ladle and 
held for varying lengths of time. The temperature was read on the iron in 
the hand ladle with the disappearing type filament optical pyrometer and the 
iron then was poured into the mold. 


Sand 


27. Solidification tests were made with sands having the properties shown 
in Table 1 and classified as follows: 
An oil-sand core made of all sharp sand. 
No. 1—A fine natural molding sand. 
. 2—A medium fine sand facing. 
No. 3—A production system sand. 
No. 4—A special sand produced by adding more sea coal to sand No. 3. 
28. Chills 4, % and % in. thick by 3 by 8 in. were used in conducting 
the chill tests. These chills were first brushed with a thin coating of shellac 
and then dusted lightly with a thin layer of dry sand. The prepared chills 
were dried at a low temperature before using. 


Test Method 


29. Molds were made with one of the patterns shown in Fig. 6. The top 
core was set in place and the mold was moved to the pouring station. The 
mold was filled as shown’ in Fig. 8, and the stop-watch was started at the 
moment that filling had been completed. The mold was transferred to the 
supports of Fig. 9 and, as soon as the proper time had elapsed, it was up-ended 








Ve 


Test Data ON SANDs USED IN SOLIDIFICATION TEST 
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Properties No. 
Moisture, per cent 7.0 
Permeability 20 
Green Compression Strength, psi. 5.5 
Carbon, per cent 0.0 


Screen Analysis 
Remaining on Screen, per cent 


20 0.8 
40 1.6 
50 1.4 
70 3.0 
100 5.4 
140 24.2 
200 33.8 
270 14.8 
Pan 9.4 
Clay 5.6 


Sand — 
No. 2 

4.2 
40 

7.5 

4.5 


0.5 
10.3 
7.8 
10.2 
16.3 
17.5 
18.2 
8.2 
5.0 
6.0 


No. 3 
3.0 

80 
5.7 
2.4 


0.3 
18.8 
14.2 
17.4 
27.3 
10.8 

2.6 

1.5 

0.8 

6.3 
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0.3 
18.8 
14.2 
17.4 
27.3 
10.8 

2.6 

1.5 

0.8 

6.3 


as shown in Fig. 10. All of the remaining molten iron was allowed to run out, 
after which the casting was shaken out and set aside for measuring. The 
measuring was done with an indicating caliper measuring in sixty-fourths of 
an inch. Measurements were taken on all four walls of the specimen and at 
three places on the height of each of the walls. Care was taken to stay away 





Fic. 8—Fituinc A Test Moro. 
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Fic. 9—Motp Supports Usep 1n Experiments. 


from the bottom of the specimen to eliminate the end effect from considera- 
tion. The average of all of the readings was made and was expressed in 
decimal equivalents of an inch. In all cases, the results shown were averages 
of two individual tests poured at least one day apart and measured at different 
times. 

30. The chill tests were conducted by placing the chill on one side of the 
pattern and molding in the usual manner. The measuring of these specimens 
was done only on the chilled wall and on the wall opposite to the chill. 


Fic. 10—Up-enpinc A Les, op. 
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31. All of the molds were made by the same molder and all tests were 
conducted under the supervision of one man. 

39. The results of the experimental procedure are plotted in the graphs, 
shown in Figs. 11, 12, 14, 15 and 16. These graphs represent, to the best of 
the authors’ ability, the trends which were demonstrated by the test blocks. 
Considerable further work must be done to establish the exact position of the 


lines shown. 


SOLIDIFICATION RATES 


33. Figures 11 and 12 show the effect of common molding mediums on 
the rate of freezing of 14% and 3-in. square blocks. It was found that a con- 
siderable length of time was required to form any measurable skin of metal 
on the mold surface. This is illustrated in Fig. 13 which is a picture of the 
test obtained on a 1!4-in. block, with a solidification time of 10 sec. Only the 
four corners of the test block froze, which fact demonstrates the higher heat 
transfer rate at points where the metal projects into the sand. The principal 
difference between the curves for the 11% and 3-in. test blocks lies in the time 
required to form the first measurable metal skin on the mold surface. 

34. The 3-in. block required considerably more time to form a measurable 
skin. If this phenomena is taken into consideration and the curve for the 3-in. 
block compensated for this difference, it is found that the rate of skin forma- 
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Fic. 12—Same as Fic. 11 Bur Wirn 3-In. Secrion. 


Fic. 13—Metat SoLipiricaTion In 1%4-1n. Square Brock Arter 10 Sec. 


tion on the two test blocks is quite similar. This lag, in the case of the 3-in. 
specimen, is between 20 and 30 sec. Thus a comparison of 11/2 and 3-in. 
graphs shows that the skin thickness at 40 sec. on the 1¥-in. test is quite 
similar to the skin thickness at 65 sec. on the 3-in. test. Such a lag is to be 
expected, since the larger block requires more time to pour with a resulting 
heating of the mold surface. Furthermore, the greater volume of metal poured 
into the larger block establishes a higher mean temperature in the specimen. 
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Effect of Molding Sand on Solidification Rate 


35. The four sands used in this experiment demonstrate that the molding 
medium can exert considerable influence on the rate of solidification. In both 
graphs, the core mold shows the highest rate of freezing, but there is little 
difference between this rate and the rate established by the finest molding 
sand used. Such a condition demonstrates that the permeability of the raw 
sand has little influence on the freezing rate, the core, in this case, having 
the highest permeability and the No. 1 sand the lowest permeability of the 
entire series. When sea coal is added to the sand, another variable is intro- 
duced which exerts considerable influence. Sand No. 2 is a mixture of sand 
No. 1 and No. 3, with sea coal added. Sand No. 4 is sand No. 3 with a con- 
siderably higher sea coal content. These tests indicate that sea coal retards 
the rate of solidification. Possibly this explains why surface indications of 
shrinks in re-entrant angles are often observed when high sea coal sands are 
used. If the skin formation is retarded by such a condition, there is more 
likelihood of the skin rupturing when the negative pressure develops during 
freezing. 


Effect of Sea Coal on Solidification Rate 


36. The influence of sea coal on freezing rate can be explained by com- 
sidering its effect on heat transfer. Sea coal is used as a constituent of molding 
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cand to prevent penetration of the metal into the mold surface. There are 
two commonly accepted theories concerning the action of sea coal in prevent- 
ing penetration. One theory contends that the gas evolved by the coal when 
heated to a high temperature serves as a cushion or blanket and prevents 
the metal from coming in contact with the sand. The other theory contends 
that the tar, which is distilled from the coal at elevated temperatures, fills the 
voids between the sand grains and thus prevents penetration. Either of these 
phenomena could produce conditions which would insulate the metal from 


the sand and thus reduce the rate of heat flow between the metal and the mold 


surface. 


| F fect of Pouring Temperature on Solidification Rate 


17. Figure 14 illustrates the effect of the pouring temperature on the 
freezing rate. The freezing rate increases to a surprising extent as the pouring 
temperature drops. Furthermore, the lag between the 142 and 3-in. specimen 
completely disappears at the lower temperatures. Both of these results are to 
be expected in view of the factors which affect heat transfer. The ability of 
the mold surface to absorb heat rapidly is very limited, due to the low heat 
capacity and poor conductivity of molding sand. 

38. After the mold face has been heated to a high temperature, heat is 
absorbed more slowly since the temperature difference between the metal and 
the sand is less, and since the heat must be carried away from the mold face 
by conduction between the sand grains. If this early heat capacity is exhausted 
by reducing the temperature of superheat of the metal, the freezing rate will 
be reduced. The mold must absorb the latent heat of fusion of the iron in 
order that freezing may progress. Much more rapid freezing will result if 
the early heat capacity of the sand is used to absorb latent heat of fusion 
rather than temperature of superheat. The results illustrated in this graph 
Fig. 14) demonstrate that the freezing rate can be greatly influenced by the 
temperature to which the mold is heated before the metal starts to solidify. 


Effects of Chills on Solidification Rate 


39. Figures 15 and 16 illustrate the rate of solidification when the metal 
is cast against a chill of various thickness. Here the lag between the 11% 
and 3-in. blocks persists. In the case of the 3-in. specimen, there is practically 
no difference between the freezing rate produced by the different chill thick- 
nesses. The graph for the 14-in. block shows a slower freezing rate for the 
heavier chill. The authors have no explanation for this peculiarity other than 
the possible presence of some variable which was not detected. 

40. Figures 17 and 18 illustrate the difference in metal wall produced on 
the test blocks by chilling one face. The graphs demonstrate that by the use 
of chills it is possible to solidify a heavy section before an adjoining lighter 
ection will freeze. 
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Fic. 18—Errects or VArious Decrees oF CHILLING ON SOLIDIFICATION OF MALLEABLE Iron 


CONCLUSION 

. 
41. The results noted in this paper are from the first of a series of exper 
ments which must be performed to determine the freezing rate of malleable 
iron. When the freezing rate has been accurately determined, it should be 


possible to predict how any section of a casting may be fed. 
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DIscUSSION 


DISCUSSION 


Presiding: E. C. Troy, Dodge Steel Co., Philadelphia, Pa. 

CuairmMAN Troy: Most of us have been too prone to accept solidification in the mold 
43 a proposition of the devil, and have been depending on prayer or the symbols of 
witchcraft to deliver us from the evil which seems to inhabit both the metal and 
the mold. 

About 5 yr. ago at our plant, we ran into variables in practice that indicated it 
would be worthwhile to make some rough checks on the rates of solidification of the 
metal against sands of different types, metal mold faces, such as chills, and insulation 
materials. We did run quite a few tests. They were crude in every respect and it took 
ys something like 3 yr. to get enough data together to be useful. 

Quoting from a paper presented to the Steel Founders’ Society some 2 yr. ago, in 
which I tried to sum up the reasons for obtaining this kind of information: 

“One of the most important and least discussed functions of a molding material 
is its ability to remove heat from the liquid steel cast against its surface. It is 
obvious that the metal solidifies by loss of heat to the mold. There is much to 
learn about controlled solidification of steel. A great deal has been said and written 
about proper metal and mold temperature gradients for the promotion of proper 
direction of solidification. It should be kept in mind that while the desired object 
is controlled solidification, such solidification is producible only by controlling the 
rate of heat transfer from metal to mold. 

“The production of metal temperature gradients in the mold results from transfer 
of some of the heat, of part of the metal, to portions of the mold and thus auto- 
matically establishes mold temperature gradients. The intensity of such gradients 
is influenced by original ladle temperature, number and locations of gates and 
rate of pouring through such gates. When mold temperature gradients are pro- 
duced the direction and rate of solidification are established, providing that mold 
temperature gradients result in heat extraction gradients. Such is generally the 
case. Controlled gradient heat extraction, necessary to control of direction of 
solidification, can be produced by preheating sections of a mold, with a torch or 
with liquid metal steel during pouring, prior to completion of pouring or by making 
up the mold with materials having different heat extraction rates. Having a choice 
of different molding materials with a knowledge of their heat extracting rates 
would make possible great improvements in control of solidification. At present 
there are few materials used, but it would be well to have a greater knowledge of 
the relative heat absorption rates and capacities of these few.” 

D. P. Forses’: In any of these tests that have been conducted so far, was there any 
evidence that a thin film of solidified metal would form which would afterwards be 
re-melted as the sand adjacent to the casting became heated above the melting point 
of the metal? 


Mr. YearLEY: I can only answer that by observation rather than by actual results. 


We have every reason to believe that there are cases in which the film first forms and 
then later is re-melted and washed away. 

K. A. De Lonce’: In Fig. 15, where you show a thinner wall for the heavier chill, 
is it possible that the difference might be due to the amount of fine sand that is dusted 
on the shellacked surface? 

Mr. Yeartey: That is quite possible. 


Mr. De Lonce: Have you done anything as yet to check the effect of different 
moisture contents on the relative solidification rates? 

Mr. Yeartey: We did not have time to carry on any experiments with regard to 
moisture contents. The sands used have quite variable moisture contents, all the way 
from no moisture, in the case of core sand, to a 7 per cent moisture content in the case 


sem 


‘Gunite Foundries Corp., Rockford, Ill. 
* International Nickel Co., Inc., New York, N. Y. 
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of the finest sand. An interesting thing that was developed in that connection j; that 
the rates of solidification for the sand with no moisture and for the sand with the 
highest moisture content are practically identical, which, to us, indicated that the 
moisture did not play as large a part as we had thought it might. There were some 3y 
or 400 test blocks made. 

MEMBER: Were those sands of different grain size? 

Mr. YEARLEY: Yes. 

CuamMAN Troy: We did check that in steel, and found that the grain size of san 
had no appreciable effect on the solidification rate. I suspect that the same thing woul; 
apply in malleable, but I am not sure. 

O. J. Mvers*: Has any work been done on the rate of solidification of castings jp , 
zircon core sand? Some foundries use this material for a chilling effect. 

CHarrRMAN Troy: Yes. We found that the rate of solidification on zircon sand js the 
same as that of a silica sand. There is a difference, but it is not found on a flat surfa 
or a continuous surface. It is found only where heat storage capacity is of importa 

MEMBER: Why was the rate of solidification higher in the dry sand than in the green 
sand? 

CHAIRMAN Troy: You will note that the difference between the solidification rates 
in the green sand and the dry sand was very small, except where sea coal was present 
The dry sand core is a more dense core, and the slight differences mentioned in the 
paper might be due to the property of density. 

Mr. Yearley, what material was used for chilling? 

Mr. YEARLEY: The same material as was poured against the chills, hard iron against 
hard iron. 


* Wright Aeronautical Corp., Lockland, Ohio 
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The Effect of Copper in Some NE and Low-Alloy 
Cast Steels 


[. Greeniwce*, M. C. Upy*, anp K. Gruse*, CoLtuMBus, OnIo 


Abstract 


Copper was added to three low-alloy, 0.30 per cent carbon, cast steels 
in amounts up to 0.50 per cent and to a fourth steel in amounts up to 
1.35 per cent. The first three steels corresponded to NE 8630 and 9430 
grades and to a manganese-molybdenum type, while the fourth approxi- 
mated an NE 8700 composition. The steels were tested for hardenabil- 
ity by the end-quench method and for tensile properties and hardness 
after water-quenching or normalizing, followed by tempering. Low tem- 
perature notched bar toughness was determined on specimens similarly 
heat treated. Copper had no effect on the temperature required to 
draw to a specified hardness. Hardenability was mildly increased by 
copper; the increase resulting from 0.50 per cent, probably being no 
greater than would be experienced from a normal variation in the other 
alloying elements. A moderate increase in as-normalized hardness was 
induced by copper; the effect being largely removed by tempering at 
1000° F., or above. When present in amounts above 1 per cent, copper 
increased the strength and reduced the ductility of normalized steels; 
and normalized steels, drawn in the precipitation-hardening temperature 
range, or quenched and tempered in this range, showed the customary 
effects of precipitation-hardening. No precipitation-hardening was noted 
with copper up to 0.53 per cent. Room temperature tensile and notched 
bar properties of water-quenched and drawn steels were not affected by 
copper in percentages up to 0.50 per cent. This applies as well to tough- 
ness measured at —60° F. 


INTRODUCTION 


The NE (National Emergency) steels in the 8600 and the 9400 series 
are characterized by the presence of most of the common alloying elements in 
moderate amounts. Thus, the 8600 series, though classed as a nickel-chrom- 
ium-molybdenum type, contains an appreciable amount of manganese, while 
the 9400 series, besides the elements in the 8600 series, also contains a notable 
*Metallurgist, Battelle Memorial Institute. 


Nore: This paper was presented at a Hardenability and Heat Treatment of Steel Castings Session of 
the 48th Annual Meeting, American Foundrymen’s Association, Buffalo, N. Y., April 27, 1944. 
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percentage of silicon. The range of these elements for the two types js sh 


below: 


NE Type Mn Si Cr Ni 
8600 .70-1.00 .20-.35 .40-.60 .40-.70 
9400 .80-1.50 .40-.60 .20-.40 .20-.50 


2. Development of these steels represents an intelligent solution to th 
problem of utilization of residual alloying elements in the scrap. With a speci. 
fication requiring all these elements, the steel maker not only has a means oj 
adjusting his composition to compensate for the residuals in his scrap, but by 


> 


so doing, the “contaminants,” themselves, are utilized and made an integral 
part of the steel composition. 

3. Besides the alloys already mentioned, copper may occur in sufficient quan- 
tity in scrap to draw attention to its presence. Copper, like nickel, is one o/ 
those elements that is not oxidized in the melting process and accumulates as a 
residual in the steel. As in the case of the other alloys, it is important from a 
conservation standpoint to know what effects are attributable to copper and 
how it can be utilized to the greatest advantage. In formulating the NE 
analyses, no account was taken of the role of copper which is present in prac- 


tically all scrap in amounts of 0.03 to 0.50 per cent and over; furthermore, no 
information on this score appears to be available. For this reason, an investiga- 
tion of copper in one low-alloy and three NE cast steels was undertaken. 

4. The steels investigated were NE 8630 and 9430 grades, a manganese 
molybdenum steel, and a fourth type corresponding to the NE 8720 compos- 
tion, except for having 10 points more carbon. Copper was added to the first 


three steels in amounts up to 0.50 per cent and to the fourth, up to 1.3) 
per cent. 

5. Hardenability of the steels was determined by the end quench method, 
and tensile properties and hardness were obtained after quenching and draw- 
ing, and normalizing and drawing. In addition, the effect of copper on low 
temperature notched bar toughness was investigated. 


EXPERIMENTAL WorK 


Steel Processing 


6. The steels were melted in a 300-pound induction furnace having a basic 
lining. The heats with low copper were made from ingot iron, and those with 
higher copper content from a low carbon steel scrap containing 0.20 per cent 
residual copper. The steels in the NE 8630 and 9430 group, and the man- 
ganese-molybdenum type were deoxidized with 0.10 per cent aluminum added 
to the bath about one minute before pouring, while the remaining heats were 
deoxidized with silicon. These distinctions in deoxidization practice are ind 
cated in Table 1, which gives the composition of the heats used in the invest 
gation. 
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Table 1 


CoMPOSITION OF EXPERIMENTAL LOW-ALLOoY STEELS 


Al 
Hea Elements, Per Cent Deoxi- 
Vi, ( Mn Si FP Ss Ni Cr Mo Cu_ dation 
Plain Carbon (Grade B) 

ea: ee! ee ren) ho 

NE 9430 
0567 0.30 1.04 0.50 0.025 0.024 0.32 0.32 0.12 0.06 Yes 
9568 0.30 1.06 0.56 0.013 0.025 0.30 0.26 0.11 0.13 ” 
0569 0.31 1.02 0.46 0.012 0.025 0.31 0.29 0.11 0.30 
9570 0.30 1.04 0.52 0.024 0.025 0.33 0.30 0.11 0.53 

NE 8630 
9547 0.30 0.82 0.34 0.027 0.022 0.48 0.55 0.19 0.08 
9549 0.29 0.76 0.33 0.029 0.022 0.50 0.52 0.20 0.13 
054 0.31 0.89 0.38 0.032 0.025 0.52 0.57 0.19 0.32 
0550 0.30 0.85 0.38 0.015 0.025 0.48 0.50 0.20 0.47 

NE 8700* 
8143 0.27 0.77 0.33 0.03 0.03 0.52 0.56 0.27 0.05 No 
8019 0.32 0.63 0.41 0.03 0.02 0.52 0.54 0.26 0.10 » 
3024 0.28 0.82 0.34 0.03 0.03 0.52 053 0.25 0.46 
8022 0.29 0.76 0.35 0.03 0.03 0.53 0.53 0.26 1.01 
8036 6-00.29 0.82 0.34 0.03 0.03 0.52 0.53 0.25 1.35 

Mn - Mo 
9564 0.30 1.49 0.37 0.014 0.022 as oe Stoke 0.35 0.08 Yes 
9565 0.33 1.67 0.35 0.019 0.025 ahaha si 0.34 0.16 or 
9551 0.30 1.57 0.37 0.018 0.025 awe Se 0.34 0.26 
9566 0.28 1.61 0.35 0.024 0.022 sition eae 0.34 0.53 ” 


*The chosen carbon range is not covered by the NE 8700 type: otherwise, the steel meets NE 8700 


pecifications 


Each heat was poured directly from the furnace into four standard 
\-inch long, double-legged keel block molds of baked core sand. All keel 
block legs were given a homogenization heat treatment prior to machining into 
test specimens. A 6-hour holding at 1800° F. was given to the plain carbon 
comparison steel and the alloy steels of the NE 8700 type; whereas the other 
steels received a treatment of 12 hours at 1950° F. A heat treatment of 12 
hours at 400° F. for hydrogen release was given to the specimens after the 
quenching and drawing treatments, but before final machining. 


) ry . . y . . 
Brinell Hardness of Tempered Steels After Water Quenching or Normalizing 


8. Following the homogenization heat treatment at 1950° F., hardness test 
specimens from the NE 8630 and 9430 and the manganese-molybdenum groups 
of steels were heated for one hour at about 100° F. above the critical tempera- 
ture and water quenched. They were immediately transferred to a draw fur- 
nace at 400° F. to avoid quench cracks. Separate samples were then tempered 
a temperatures of 950, 1000, 1050, 1150, 1200, and 1250° F. for two hours 
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Table 2 
BRINELL HARDNESSES OF CopPpER-BEARING Cast STEELS DRAWN ar Vagio: 
‘TEMPERATURES 
Per Prior Tempering Temperature, ° F 
Heat Cent Treat- 400 950 1000 1050 1150 1200 
No. Cu ment Brinell Hardnesses 
NE 9430 
9567 os WwW. 298 283 262 
Normalize 207 201 187 
9568 0.13 i. ee. 45 302 290 265 
Normalize 21: 217 217 197 
9569 7... 57 302 293 268 
Normalize 223 214 212 198 
9570 53 W.Q | 311 293 268 
Normalize 225 221 207 
NE 8630 
0.08 W.Q ... 3! 302 
Normalize 22 2 217 
0.13 W.Q 4! 3: 307 
Normalize ‘ 223 215 
W. Gg. 467 325 317 
Normalize 241 
W. Q. 3: 317 
Normalize $§ 241 
- Mo 
0.08 W. Q. 57 326 321 302 
Normalize : : 235 221 
0.16 W.Q. : 321 293 
Normalize 255 241 217 
226 . W:. ©, : : 321 306 
Normalize 252 212 
0.53 w.. Ge : ; 319 311 
Normalize 255 246 217 
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to obtain draw-temperature hardness relationships for these steels. The results 
of these tests are given in Table 2. 

9. It is obvious from these data that copper has had no influence on the 
draw temperature required to obtain a specified hardness in the water- 
quenched samples. None of the steels bearing 0.50 per cent copper are mort 
than 10 points Brinell higher than the low copper steels of the same series 
Furthermore, the three groups also behave alike, each losing hardness at about 
the same rate. This information suggests that when copper is present in 
amounts up to 0.50 per cent it will not modify the usual tempering practice 
used on water-quenched, low-alloy cast steels to reach a certain hardness level. 

10. In the case of normalizing prior to tempering, copper does have a mild 
influence on the hardness, the higher copper steels being as much as 25 points 
Brinell harder after the 400° F. draw than the low copper comparison steel. 
This effect, no doubt, is dependent on the hardenability of the steels, as the 
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}hardnesses of the normalized specimens from the three base analyses are also 

jicsimilar. These characteristics are illustrated in Fig. 1 where the spread in 

ardness between the high and low copper steel of each series is indicated by 

» band. The normalized manganese-molybdenum steels and NE 8630 type 
1259 have a somewhat higher hardness level than the 9430 series. This difference is 

in agreement with their hardenability rating. (See Figs. 3 to 6.) Beyond a 

empering temperature of 1000° F. the steels rapidly approach the same hard- 
at) ess, and at 1200° F. they all have about the same Brinell value. 





2 
” n- Mo 
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: © <| Each Bond Represents 0. Copper Ronge 
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229 aa) 
9 
211 400 600 800 1000 1200 1400 
235 Drow Tempercture °F 
7 Fic, |—Errect or Copper ON THE HARDNESS oF NorMALfzep AND Drawn Low ALtoy Cast STeeLs. 
201 
207 BET ensile Properties of Water-Quenched and Drawn Steels 
psults \l. Using the foregoing hardness-tempering temperature relationships as a 
ais, duplicate standard tensile specimens from the three types of steels were 
n the ater-quenched and tempered to two hardness levels, namely, 230 to 250, and 
ater- mp) to 320 Brinell. The tensile properties of the heat treated bars are set 
more Mmmorth in Table 3. 
eries. 12. The results of these tests agree with those by Patton’, and Janitzky and 
bout baeyertz’, on rolled steels, which indicated that no significant difference in 
nt in irength or ductility exists between any low-alloy steels if they have been fully 
ictice enched and tempered to the same hardness. While no summarized informa- 
level. fen has been published on cast steels of the NE grade to show the normal 
mild Xpectancy of properties, sufficient data are available on somewhat similar 
yoints eels to indicate roughly what properties one might anticipate from the various 
steel. E compositions. Comparison of the NE 8630 and 9430 cast steels with a 
s the Pa 


Numbers refer to the bibliography at the end of this paper. 
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Table $ 
TENSILE PROPERTIES OF WATER QUENCHED AND TEMPERED Copp gp. 
BEARING, Low-ALLoy STEELS 
Yield Strength 








Per Quench 1000 pst. Tensile Reduction Elon, 
Heat Cent Temp. 0.1% 0.2% Strength, of Area, in 2 in 
No. Cu es BHN Offset Offset 1000 psi. Per Cent Per Cen; 
NE 9430 
9567 0.06 1550 245 90.0 88.7 112.6 46.0 19.7 
9568 0.13 250 93.2 91.1 115.4 46.0 20.0 
9569 0.30 250 93.1 93.3 113.6 46.0 219 
9570 0.53 244 96.1 96.2 116.0 48.5 215 
i NE 8630 
7 9547 0.08 1570 242 93.9 94.6 115.7 54.5 917 
: 9549 0.13 232 88.7 89.1 110.5 52.5 21 
ae 9550 0.47 235 89.0 89.0 112.0 495 290 
s Mn - Mo 
: 9564 0.08 1550 237 95.5 104.0 112.6 52.0 215 
i 9565 0.16 252 99.8 99.9 116.4 47.0 19.5 
{ 9551 0.26 241 105.9 105.6 121.0 51.0 19 () 
i} 9566 0.53 952 99.5 99.6 116.1 46.0 195 
: NE 9430 
a 9567 0.06 1550 319 123.0 128.0 144.5 27.5 10.5 
9568 0.13 313 125.0 133.5 147.6 34.5 11.7 
9569 0.30 317 130.0 132.7 146.9 29.5 10.2 
9570 0.53 319 137.1 140.2 155.1 29.5 11.5 
NE 8630 
fF 9547 0.08 1570 315 130.0 135.0 148.4 36.0 12. 
‘e 9549 0.13 311 130.2 134.0 149.0 33.5 13.0 
iE 9550 0.47 311 134.5 137.5 149.0 33.0 12.0 
a Mn - Mo 
9564 0.08 155 311 133.5 140.6 153.2 29.5 1 
5 9565 0.16 317 138.7 141.4 153.5 26.5 11.2 
“E 9551 0.26 319 140.0 142.5 154.9 21.0 10.0 
9566 0.53 317 138.5 140.6 153.6 26.5 11.0 





quenched and drawn _nickel-chromium-molybdenum steel reported by 
Mitchell’, indicates that Heat 9547, the base NE 8630 heat, had properties 
similar to those tabulated by Mitchell. As compared with the information of 
Gregg*, the manganese-molybdenum cast steels, Heats 9564, 9565, 9551, and 
9566, are slightly on the low side in regard to ductility, but otherwise the prop- 
erties are in the expected range. 












Tensile Properties of Normalized and Drawn Steels 


13. Little change in tensile properties of the normalized and drawn steels 
took place as the copper content of these steels was increased, except in the 
case of the NE 8700 type where a significant increase in strength and hardness 
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Table 4 


[enNSILE PROPERTIES OF CoppER-BEARING STEELS, NORMALIZED, AND 
TEMPERED AT 1200° F. 


Yield Strength, Elong. in Tem- 
Per Normalizing 1000 psi. Tensile Reduction 2in., pering 
Heat Cent Temp. 0.1% 0.2% Strength, of Area, Per Time 
N Cu gS BHN_ Offset Offset 1000 psi. Per Cent Cent Hrs. 
Plain Carbon 
302 1.02 1580 141 41.7 41.7 76.4 59.5 33.0 1 
NE 9430 
567 0.06 1550 192 55.6 55.7 93.6 19.5 27.2 2 
568 0.13 197 56.2 56.5 95.0 49.5 24.0 2 
569 0.30 198 593 59.1 9.9 495 260 2 
1570 0.53 203 62.3 62.5 97.2 47.5 25.0 2 
NE 8630 
547 0.08 1570 198 60.7 61.2 92.4 53.0 24.5 2 
549 0.13 197 59.5 60.1 92.5 51.5 21.0 2 
548 0.32 221 bie ake emis ceae ces 2 
9550 0.47 215 67.5 70.0 98.7 46.5 22.0 2 
NE 8700 T ype 
9145 0.05 1580 183 72.7 73.5 100.1 57.0 923.0 1 
8024 0.46 215 a 78.5 104.6 55.5 22.0 l 
8022 1.01 232 81.7 84.5 32 52.0 20.5 I 
8036 1.35 241 89.7 92.3 113.3 49.0 20.0 1 
An - Mo 
9564 0.08 1550 215 72.5 72.8 97.6 48.5 19.5 2 
565 0.16 210 74.7 75.1 101.7 44.0 20.0 2 
551 0.26 217 73.7 75.2 102.2 44.5 21.7 2 
1566 0.53 217 73.2 73.6 105.1 43.5 22.5 2 


and a corresponding drop in ductility occurred with copper additions of 1.01 
ind 1.35 per cent. A trend in this direction was also noted in the steels con- 
taining up to 0.50 per cent, but the evidence in this respect is not too positive. 
[hese effects are shown by the data in Table 4. 

\4. Normalizing of these steels was for a 1-hour period, while the 1200° F. 


temper was for either one or two hours. 


Me har ical Properties of Oil-Que ne hed and Te m pere d Ste els 


Tensile and Izod specimens of the series approximating the NE 8700 
composition were oil-quenched and tempered at 900, 1050, and 1250° F. An 
ncrease in copper up to 1.35 per cent, sufficient to lead to precipitation-hard- 
ening phenomena at 900 and 1050° F., so that at those tempering temperatures 
this phenomenon is superimposed, raised the yield and tensile strength, and 
hardness of the steel with little or no loss in ductility. This is brought out in 
Table 5. As in the case of the normalized specimens, the increase in hardriess 


and strength can be associated with the increase in hardenability from the 
added copper. 
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Table 5 
MECHANICAL PROPERTIES OF OIL-QUENCHED AND TEMPERED Coppep- 
BeaRING Cast STEELS* 


All steels oil-quenched from 1580° F.) 


Yield Strength Reduction Elong. 

Draw** 1000 psi. Tensile of in 2 Izod 
Per Cent Temp. 0.1% 0.2% Strength, Area, inches, Value 
Cu ° F. BHN Offset Offset 1000 psi. Per Cent Per Cent Ft.-Lh 

Plain Carbon 

900 19] 61.5 62.5 96.2 56.0 21.0 38.0 

1050 171 55.3 56.5 89.8 bY fi 26.5 44.0 

1200 161 48.7 50.0 80.0 63.5 280 465 


NE 8700 Type 
900 325 140.6 145.0 157.8 42.0 0. 30.5 
1050 2 1105 114.0 1326 540 170 415 
1200 ~—s_ 89.2 90.2 1120 605 21.5 585 


8019 900 3: 130.6 137.0 157.4 44.5 26.0 
1050 29% 113.3 118.1 137.0 46.5 44.0 
1200 22 84.7 86.1 110.6 60.5 63.0 


900 333 146.2 155.2 164.6 43.0 
1050 23.2 126.2 142.1 50.5 
1200 +. 95.0 116.3 39.5 

900 57. 162.4 176.1 35.8 


1050 ai 129.2 145.1 51.0 
1200 244 ; 98.6 118.0 59.5 


8036 B. . 900 53. 168.0 181.7 37.0 
1050 30.' 132.7 149.0 47.5 
1200 5. 106.2 123.7 54.0 


*Average of duplicate tests 


**Steels drawn for one hour 
Charpy Notched Bar Tests at Low Temperatures 


16. Considerable evidence has been published to show that very little differ- 
ence exists in the room temperature properties of fully quenched and drawn 
steels, provided the steels are at the same hardness, but not much information 
is yet available regarding the effect of composition on properties at lower tem- 
peratures. Until this information is obtained, it cannot be safely assumed that 
properties at room temperature reflect those at subzero temperatures. 

17. A low temperature test on a notched bar of the Charpy or V-notch 
Charpy type is an enlightening means of investigating low temperature 
behavior, since it shows differences not revealed by other conventional tests 
As the temperature is decreased the curve for ft.-lb. energy absorbed vs. tem 
perature shifts from an upper branch to a lower branch, with tough fractures 
on the upper and brittle fractures on the lower branch. Over the temperature 
range in which this shift occurs, there is an inherently large percentage of 
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Table 6 
Low TEMPERATURE CHARPY* VALUES OF WATER-QUENCHED AND TEMPERED 
CoppEeR-BEARING Cast STEELS 
Charpy Value, ft.—ibs. 
Heat Per Cent Room 230 to 250 Brinell Room 300 to 320 Brinell 
Vo Cu Temp, 0° F. —20° F. —40° F, —60° F. Temp. 0° F. —20° F. —40° F.—60° F 
NE 9430 
9567 0.06 29.0 28.5 29.5 29.5 16.0 18.0 18.0 16.0 17.5 16.0 


068 0.13 31.0 27.0 285 280 150 175 165 160 165 15.0 
9969 0.30 285 29.0 27.0 250 160 180 17.0 17.0 19.0 16.0 
970 0.53 27.0 260 270 235 145 160 135 135 13.0 14.5 
NE 8630 
9547 0.08 345 325 290 305 180 185 210 185 180 18.0 
oo «60.18 25 2S Bs 25 668 175 75. WS 65 62 
oe 082 295 275: 2ee tee 185 6S Be 268 25 885 
959 047 295 255 270 270 1380 160 45 185 1588 1388 
Mn - Mo 


564 0.08 29.5 26.0 28.0 29.0 15.0 16.0 17.5 i633 iW 182 
9565 0.16 22.0 22.0 205 22.0 14.0 17.5 17.0 15.5 16.0 14.0 
9551 0.26 310 27.0 30.5 280 12.5 16.0 14.5 i368 #8 RS 
66 0.53 210 19.0 19.5 20.5 12.5 16.0 15.0 14.5 14.5 12.5 


*Standard Keyhole notch Charpy bars tested in duplicate. 


scatter in the results. The notched-bar test data, therefore, must be viewed 
from the over-all trend. The bars were heat treated in 0.50-in. x 0.50-in. 
section, machined, and the notch cut after the treatment. 

18. Most castings are much more massive than these slender bars, and a 
quench that fully hardens the notched-bar specimen may be far from produc- 
ing full hardening in a large section. The low temperature behavior is vastly 
influenced by full quenching as against slack quenching. The notched-bar test 
is here used for, and is in general only applicable for, evaluating behavior of 
a steel in relation to composition, finishing practice, grain size, etc., under the 
conventional conditions of the notched-bar test. Behavior in any other struc- 
ture than that of the small test specimen, in any other size, piece, or with any 
other notch, may be different, so engineering behavior of an actual casting in 
actual service is not predicted by the test. However, if this conventional test 
shows a new steel to behave like a more familiar one, there is reasonable expec- 
tation that if the two have similar hardenabilities and are heat treated to the 
‘ame structure, the new one should closely resemble the old one in engineering 
behavior. 

\9. The desired low temperatures were secured with mixtures of dry ice 
and acetone; specimens were held in the coolant for at least 10 minutes before 
breaking. The data for the water-quenched and drawn steels are giving in 
lable 6, and for the normalized and drawn steels in Table 7. The former 
steels were water-quenched from the draw temperature, while the normalized 
and drawn steels were either water-quenched or air-cooled from the draw 
‘emperature as indicated in Table 7. 
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Table 7 


Low TEMPERATURE CHARPY* VALUES OF NORMALIZED AND DRAWN Coppa. 
BEARING Cast STEELS 


Heat Per Cent Room Charpy Value, f{t.—lbs. Pal eng 
No Cu BHN Temp. 32°F. O° F. —20°F 40° F. —60° F. dation Drawing 
Plain Carbon ae 

8023 0.02 141 30.5 28.0 23.0 E2.5 3.5 3.0 No As, 

NE 9430 
9567 0.06 192 29.0 ay a 18.0 20.0 17.0 14.5 Yes Water 
9568 0.13 197 30.0 20.0 19.5 16.5 16.0 “ ‘ 
9569 0.30 198 29.5 af oe 20.0 17.0 16.5 14.5 
9570 0.53 203 28.0 nS 18.0 16.5 i733 15.0 

NE 8630 
9547 0.08 198 29.5 =o 20.5 20.5 18.0 15.5 
9549 30.13 197 27.0 a 20.5 19.0 15.5 13.0 
9548 0.32 221 27.5 aca 18.5 16.5 16.5 14.5 
9550 ~=s0..47 215 27.0 : 18.0 14.5 13.5 13.0 

NE 8700 Type 

8143 0.05 183 26.0 25.0 20.0 18.5 8.0 3.0 No Air 
8024 0.46 215 31.0 26.5 21.9 21.0 17.5 16.5 " “ 
8022 1.01 232 24.5 23.0 19.0 17.0 11.0 3.5 
8036 1.35 241 23.0 22.0 18.0 16.0 15.0 4.0 

Mn = Mo 
9564 0.08 215 27.5 . 20.0 16.5 16.5 15.5 Yes Water 
9565 0.16 210 24.5 Ais: 20.0 20.0 17.5 15.5 = 9 
9551 0.26 217 28.0 oy 19.5 17.5 17.0 15.0 
9566 0.53 217 28.5 he te 20.0 17.5 14.0 13.5 

*Standard keyhole notch Charpy bars tested in duplicate 
20. Drastic losses in low temperature toughness, above —60° P., occurred 


only in the normalized and drawn plain carbon steel and in all but one of the 
steels of the NE 8700. These steels, it will be observed from Table 7, wer 
deoxidized with silicon rather than with aluminum. This effect of dexodiza- 
tion on low temperature toughness has been noted by others®®** and appears 
to be a characteristic result of the deoxidization practice. There is no indica- 
tion from the data that room temperature toughness was reduced by the highe: 
copper addition that was sufficient for precipitation-hardening, as seemed to b 
the trend for the ductility of the normalized and drawn steel. (See Table 4 

It appears that copper additions, at least up to 0.50 per cent, have no advers 
effect on the notched-bar toughness of these cast steels and, on the contran 
may be beneficial. In fact, some evidence was obtained from companion test 
on rolled steel that copper tended to lower the temperature at which embrittle- 
ment occurred. 

21. In the case of the water-quenched and tempered steels, all of which 
were deoxidized with aluminum, no sudden drop in toughness took place and 
good Charpy values were obtained down to —60° F. It was observed, how- 
ever, that specimens tempered to 230-250 Brinell dropped off more rapidly 
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from —40 to —60° F. than did the specimens tempered to 300-320 Brinell. 
This difference is brought out in Fig. 2, which gives typical low temperature— 
Charpy curves for the normalized and drawn and for the water-quenched and 
drawn steels. The harder specimens from the water-quenched group (circles 
connected by solid lines) have lower room temperature values, but very little 
loss in notched-bar toughness occurs down to —60° F. On the other hand, 


the specimens tempered to 230-250 Brinell have higher room temperature 





HEAT | | 
KEY | HEAT | TREAT C Si_Nilcr Molcu Al) 
O—0} 9547 Wasp) 30 34 48.65 19\08 Yes 
%—x|9547/N4 D.| | 


40 iea=X) 8143 [Nea D.|27 17.33. 36 27/.05 No 
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Fic. 2—Typicat Cuarpy-Temperature Curves. 


values but lose this difference from —40 to —60° F. The lower toughness of 
the silicon deoxidized steels at low temperatures, compared to those finished 
with aluminum, is also illustrated in Fig. 2. All these effects are entirely normal 
and common to steels of this general class, with or without copper. 


Hardenability Tests 


22. End-quench specimens were of the standard size, 1-in. in diameter by 
-in. long. These specimens were heated to about 100° F. above their. Acs 
temperature prior to quenching by placing them in graphite crucibles in a 
furnace operating at the desired temperature. They reached furnace temper- 
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ature within 10 minutes and were held for 20 minutes thereafter. before 
quenching in a standard end-quench fixture. The procedure used conformed 
with that in A.S.T.M. Tentative Standard A225-42T. 

23. The end-quench curves are plotted in Figs. 3 through 6. The curve for 
the plain carbon steel, Heat 8023, is included in each case for comparison, 
Grain size was determined on a fractured face from the quenched end of the 
end-quench bar by comparing the fracture with Shepherd standard fractures 

24. It should be observed that copper up to 0.50 per cent has but a mild 
hardening action in the four types of steel being considered. When the copper 
is raised to 1 per cent or higher, a more pronounced increase in hardenabilit, 
results as shown in Fig. 5. 
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25. According to the work of Grossmann’, the effect on hardenability from 
the copper addition of 0.50 per cent should increase the hardenability by a 
factor of roughly 1.18. For a steel having an initial manganese content of 
0.80 per cent, this increased copper would be roughly equivalent to a mangan- 
ese increase of 0.20 per cent. This percentage increase in manganese corre- 
sponds to the usual allowable range for this element. Consequently, unless 
residual copper is unusually high in the scrap, the effect of copper on the 
hardenability of the steel will be slight, but if it is high, its hardening effect 
can be utilized by slightly lowering the percentages of other alloying elements 
to compensate for this increase in copper. 


26. Hardenability curves for cast and wrought steels of similar composition 
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are plotted in Fig. 7. It is seen from this figure that a recognizable difference 
in hardenability exists between these particular cast and wrought specimens 
having the same copper content. However, these differences very likely result 
from small differences in composition (particularly manganese) that are evi- 
dent in the comparable steels. If these differences were removed, it would be 
expected that the hardenability curves for the cast and wrought steels of the 
same copper content would be practically identical. 


SUMMARY 


27. In tests on four different alloy steels, three of which corresponded to 
NE grades, the presence of copper up to 0.50 per cent did not change the 
tempering temperature required to obtain the desired hardness in full quenched 
specimens. Thus, if copper is present as a residual in an alloy steel, no adjust- 
ment in tempering temperature is necessary. When normalized, however, the 
steels showed a mild increase in as-normalized hardness as copper was raised 
from 0 to 0.50 per cent. Tempering these steels above 1000° F. markedly 
reduced the effect of copper on hardness. The hardness after normalizing 
appeared to be related to the hardenability of the steels. 

28. Copper up to 0.50 per cent induced no change in tensile properties of 
fully quenched and drawn steels. When present in amounts above 1 per cent, 
there was an increase in strength and a corresponding drop in ductility in 
normalized steels, and heat treatment suitable for developing precipitation- 
hardening brings in the usual precipitation-hardening behavior of steels at 
this copper level. Low temperature toughness of alloy steels is not greatly 
influenced by copper in percentages up to 0.50. The type of deoxidization 
treatment is extremely important in determining the temperature at which low 
temperature brittleness will occur. 

29. Copper has a mild hardenability effect in an alloy steel, and if present 
in appreciable amounts, it can be used as a partial substitute for some other 
alloying element in applications where hardenability is a major factor. 
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DISCUSSION 


Presiding: C. H. Loric, Battelle Memorial Institute, Columbus, Ohio. 

Co-Chairman: H. F. Taytor, Naval Research Lab., Anacostia Station, Washing- 
ton, D. C. 

Co-CHAIRMAN TayYLor: Would the possible difference in the hardenability that you 
noticed between the wrought and the simultaneously cast material be due to the fact 
that you cast your ingot in an ingot mold and the casting in sand? We cast both in 
sand. Do you suppose that could account for the difference? 

Mr. GREENIDGE: I would not expect it to unless there was considerable segregation 
in either the ingot or the sand casting. The ingot we cast was pretty small, so there is 
not much chance of segregation in it. The test bar was a two-legged test bar with about 
114-in. legs which also would freeze rather rapidly. 

Co-CHAIRMAN TAyLor: Are you correcting for grain size? 

Mr. GREENIDGE: The cast and wrought steels were of about the same grain size. It 
has been our experience that the cast steel runs slightly lower in hardenability than the 
wrought steel. 

CHAIRMAN Loric: This question of hardenability is very interesting. I am really 
amazed at the correlation between the calculated and the actual hardenabilities, because 
occasionally there are steels which, for some unknown reason, do not behave according 
to any hardenability formula. Has anyone had experience with steels of such composi- 
tions that, according to calculation, should have certain hardenability values but which 
fall far short from the calculated values? 








The Four-Part Cheek Method of Producing 
Cast Iron Cylinders 


By Rosert HENprRy*, BELorr, Wisc. 


Abstract 
War production has made many unusual demands. When the facili- 
ties of the Beloit Iron Works, which specialized in marufacturing paper 
machinery in the pre-war era, had to be converted to building marine 
steam engines, a method of production, combining speed with efficiency, 
had to be adopted—this was the 4-Part Cheek Method, described in the 


accompanying article. 


HEN the United States 

entered the present World 
War, it was known that thousands 
of ships would be required—some to 
carry supplies to our far-flung battle 
fronts, and others to guard their 
precious cargoes, so necessary to the 
success of our armed forces. Ship 
building became a “must.” 

As the ship building tempo in- 
creased, a demand was generated 
for steam engines for propulsion of 
certain types of ships. Cast iron 
foundries were contacted and con- 
fronted with the problem of pro- 
ducing high, medium and low pres- 
sure cylinders for such steam en- 
gines on a production basis. Various 
foundries adopted different methods 
of production. 

When the company with which 
the writer is associated was asked 
to make low pressure steam cylin- 
ders, it realized that, due to design 
of the cylinders desired, it was likely 
to encounter trouble. Representa- 
tives of the company visited a num- 
ber of foundries already engaged in 
building steam engines and using 
cylinders of the same type as re- 
quested from our company, but with 
larger diameter bore. 


*Beloit Iron Works. . : 
Nore: This paper was presented at a Gray Iron Castings Session of the 48th Annual Meeting, Amer- 
an Foundrymen’s Association, Buffalo, N. Y., April 26, 1944. 


Mo.upinc MeETHOps STUDIED 


As a result of observations in the 
foundries visited, it was discovered 
that at least five different methods 
were utilized for molding the cylin- 
ders. Some foundries used all cores 
on the outside and cast the cylinder 
on end; others used a cheek split 
into two parts, bottom and top 
halves. Our representatives found 
that less scrap castings were made 
when the castings were molded by 
the cheek method. 


In one foundry visited which 
used the cheek method, the cores 
were set in the drag, then the bot- 
tom half of the cheek was set on 
the drag over the cores. The top 
half of the cheek then was placed in 
position and the remainder of the 
cores set into the mold. 


Due to the depth of the meld and 
to the cores being placed one on top 
of the other, it was necessary that 
chaplets be used. In addition, con- 
siderable dirt collected in the mold, 
regardless of how carefully the 
molder set the cores. 


As-these cylinder castings were re- 
quired to withstand water pressure, 
elimination of dirt was very impor- 
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tant. Also, due to the design of the 
outside portion of the casting, cores 
had to be used, because of the man- 
ner in which the pattern had to be 
drawn from the cheek. 


Many Cores ELIMINATED 

As a result of visits to various 
foundries, it was decided that, if 
a 4-part cheek method of molding 
was used, many cores would be 
eliminated. In addition, by ramming 
the cheeks in the foundry, using 
molding sand, production pressure 
—at that time extremely heavy in 
the core room—would be relieved. 

The company with which the 
author is associated undertook the 
manufacture of the low pressure 
cylinder, shown in Fig. 1. As pre- 
viously stated, our foundry decided 
to use the 4-part cheek method, as 
it permitted the internal cores to be 
set into place before the mold itself 
was completed, and eliminated the 
use of chaplets at vital parts of the 
casting. 


Equipment used in the 4-part 


View or Cast Iron, Low Pressure 


Sream Cy uinper CasTING, 


Four-Part CHEEK MOLDING Meryo 


cheek method, shown in Table | 
consisted of drag, cheek and core 
flasks, cope and drag pattern 
mounted on boards, and 27 core 
boxes of various types. The follow. 
ing is a step-by-step illustrated de. 
scription of the molding of the pre. 
viously mentioned low _ pressure 
cylinder: 





Table 1 
EQuIPMENT UsEp IN 4-Part 
CHEEK METHOD 


eee in. 
Flask Cheek—60x94x43 in. when 
bolted together at corners. 
Cope—60x94x13. 


Cope and drag patterns mount- 
ed on boards. 

2 core boxes for cheek ends. 2 
core boxes for cheek sides. 

core boxes for port cores, 

half cylinder core box. 

core boxes for foot lighten- 
ing cores. 

10 small core boxes. 

6 cover core boxes. 


Pattern 4 ; 
2 








MOLDING THE DracG 

Fig. 2 shows the drag flask rest- 
ing on the drag pattern board with 
the molder filling the flask for ram- 
ming. Weights are placed on the 
loose flange cover core prints. Pock- 
ets under the flanges are secured 
with rods and gaggers. Fig. 3 
shows the molder removing cover 
core prints and loose flanges. Cover 
cores are set before the drag is 
rammed to completion. Fig. 4 shows 
the drag pattern being drawn, and 
Fig. 5 shows the completed drag 
after it has been washed, but before 
drying. 


RAMMING CHEEK CORES 
Core boxes for the side cheek 
core are approximately 43 x 60x21 
in. and are rammed with molding 
sand in the foundry. Arbors are 





~ 





RopeRT HENDRY 





Fic. 2~—Drac Frask Restinc on Draco Patrern 
Boarp. 





Fic. 3—Removine Cover Core Prints anp Loose 
FLANGES. 


placed in the boxes and are located 


and bolted to a hard-wood frame, as 
shown in Fig. 7. 


Fig. 6 shows the side cheek core 
being rammed. Note the gaggers 
used to secure the core. Fig. 8 
illustrates a cross-section of the core 
box with arbors and cheek flask 
side located, and the assembly ready 


519 


to be rolled over. Fig. 9 shows a 
cross-section of the completed side 
cheek core with the location of 
arbors indicated. 


Fig. 10 shows a side of cast iron 
flask cheek being located on the side 
cheek core box by loose pins, while 
Fig. 11 shows the arbors being 
bolted to the flask cheek. (See Fig. 
8 for details.) 





Fic. 4—Drawinc THE Drac Partrern. 





Fic. 5—Comptetrep Drac. 
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Four-Part CHEEK MOLDING Metyop 
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HENDRY 


Fig. 12 shows another view of the 
irawing operation and also depicts 
the dry sand cores used as down 
sates. These cores are rammed up 
in the core box and are located by 
holes and loose plugs in the side of 
the core box. Fig. 13 shows the 
co ted core being washed, prior 
to drying 

[he operations in making the end 
cheek cores are not shown, as the 
procedure is exactly the same as 
that used to make the side cheek 
cores. End cheek core boxes are ap- 
proximately 43 x 60 x 14 in., as com- 
pared with 43x60 x21 in. for the 
side cheek core boxes. 





Fic. 6—Ramminc Swe Cueex Core. 





CAST IRON FLASK CHEEK 
ELAS. CHEEK 
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Fic. 10—Locatinc Sme or Cueex FLask on 


Cueex Core Box. 





Fic. 11—Boutinc THE Arpors To THE Swe CHEEK 


Fiask Section. 














Fic 


9—Cross Section or Compterep Swe Cxueek Core Mountep 


on Siwe Cueex Frasx Section. 
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SETTING CHEEK AND CORES IN 
DRAG 


After the side and end cheek 
cores are made, assembled on their 
respective parts of the four-part cast 
iron cheek flask properly coated 
with wash and dried, the next opera- 
tion in the molding procedure is 
setting the cheek sections and the 





Fic. 12—Sme Cueex Core. Nore Dry Sanp 
Core Down Gates. 


Fie. 13—Wasuinc Compietep Core. 


Four-Part CHEEK MOLDING Meruoy 


cores on the drag. Fig. 14 shows an 
end cheek being located on the drag 
The end cheek is bolted into posi- 
tion on the drag flask. 

Fig. 15 shows the port cores jn 
position. These port cores are 
guided into position by the core 
print impression (Fig. 14) in the 
cheek end of the assembly. Tw: 





Fic. 14—Enp Cueex Assemsiy Berne Locate 
on Draco 





Fic. 15—Porr Cores 1n Position. 
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ROBERT 


liehtening cores for the feet are 
bolted to the drag mold by tapped 
lates, which are rammed into the 


plates, 
loose flange cover core. Fig. 16 
shows the arrangement of port cores 


in the mold. Fig. 17 shows the 
cylinder diameter core being set. 











Fig. 18 shows the side cheek in 
level position suspended from the 
crane and ready to be placed on, 
and bolted to, the drag. Fig. 19 
shows the side cheeks being placed 
in position. 


Fig. 20 illustrates the method 
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Fic. 16—Secrion SHowinc Port Core ARRANGEMENT 





Pio, 17—Serrivo Cyuinper Diameter Core. 


Fic. 18—Smr Cueex iy Levert Posrrion. 
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used to check wall thickness. Note 
the feeler gage being used to secure 
In Fig. 
21 the other end cheek is being 
placed in position to complete the 
cheek assembly. When the final end 
has been correctly positioned, the 


cheek flask 


accurate mold dimensions. 


bolted to- 


sections are 
gether at the corners and also to 
the drag flask 


sketch of the 
cheek assembly. Note that the sec- 
left the mold 


joints. These sections were rammed 


Fig. 22 shows a 


tions were open at 
up after the cheek was assembled. 
This procedure eliminated run-outs. 

Fig. 23 shows the assembled drag 
and cheek ready to receive the cope 
and Fig. 24 shows the cope being 
located onto the drag and cheek 
The is equipped 
with special bars and a ring for 
locating shower gates. 

Fig. 25 shows the shower gates 
and runner being placed in position, 
while Fig. 26 shows the mold com- 
pleted and ready for pouring. 


assembly. cope 











Fic. 19—Locatinc Smet CHeex on Drac. 





Four-Part CHEEK MOLDING Meryop 





Fic. 20—Cueckinc THE Moip Assemsty ror 
Correct Section THICKNESS 
















Fic. 21—Finat Enp Cueex Betno Ptacep IN 
Pos!TioN. 


CONCLUSION 

The foundry with which the 
author is associated has found the 
method outlined above to be par 
ticularly efficient for the production 
of the low pressure steam cylinders 
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Fic. 22—Cueex Assemsty SHOw1NG ParTINGs. 





Fic. 23—Drac anp CHeek Assemsty Wrrn Cores Fic. 24—Lowerino Cops. 
TS tN Posrrion ror CLosine. 














Fic. 25—Ptactnc Gates AND RUNNER IN PosiTIoONn, 


indicated. The castings produced 
by this method are clean and pass 
the water test without failure. Time 
saved in making cylinder castings 
by the method outlined is so good 
that this job has proved to be one 
of the best in the shop when com- 
puted on a tons-per-hour basis. 


Four-Part CHEEK MOLDING Meryop 


Fic. 26—Mo.p ASSEMBLED AND Reapy Por 
Pourtno. 


This method is given to the in- 
dustry, as it is possible that it may 
be used for the production of simi- 
especially 
where a series of built-up cores on 
both the inside and outside of the 


lar castings, in Cases 


mold is required. 








The Utilization of Fired Cartridge Brass 


in Cast Manganese Bronzet 
By Joun T. Rospertson*, Wasuincton, D. C. 


Abstract 


Fired cartridge brass can be used in the manufacture of low tensile 
cast manganese bronze with no serious harm to the mechanical prop- 
erties provided that the antimony content is not more than 0.01 per 
cent. This percentage was not found in any manganese bronze made 
from 20 millimeter, 40 millimeter and 0.50 calibre cases. 


1. The utilization of fired cartridge brass is a problem of increasing impor- 
tance. For a number of months there has been a growing accumulation of 
unused scrap of this type. One of the principal objections to its use has been 
contamination by small percentages of antimony and lead from the priming 
charge. Previous investigators have pointed out the dangers of excessive 
amounts of these elements to the mechanical properties of wrought 70-30 brass. 
Little mention has been made in the literature of the influence of antimony in 
the presence of lead on cast manganese bronze containing the percentages of 
antimony usually found in fired cartridge brass. 

2. The purpose of the present investigation was to find a casting alloy 
which could be made from fired cartridge scrap and whose mechanical proper- 
ties would not be unduly impaired by the small percentages of impurities. Cast 
manganese bronze would appear ideal for this purpose because its manufacture 
from fired cartridge scrap consists merely of adding suitable hardeners and 
about 10 per cent of zinc to the melt of 70-30 brass. The use of fired cases 
depends not only upon the amount of antimony in the cartridge brass compati- 
ble with good mechanical properties of the manganese bronze, but also upon 
many other factors beyond the scope of the present investigation. 


PrREvIOUS WoRK ON THE EFFECTS OF ANTIMONY AND LEAD 


5. Hull, Silliman, and Palmer’ have reported that 0.007 per cent of anti- 
mony and 0.07 per cent of lead were present in remelts of fired small arms 
cartridge cases. They stated that 70-30 brass containing 0.05 to 0.10 per cent 
of antimony was difficult to cold roll. In the same investigation, hot rolling 


*Published by permission of the Navy Department. 

*Ensign, U. S. N. R., Naval Research Laboratory, Anacostia Station, Washington, D. C. 

Nore: This paper was presented at a Brass and Bronze session of the 48th annual meeting, American 
foundrymen’s Association, Buffalo, N. Y., April 26, 1944. 

‘Superior numbers refer to references at end of paper. 
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was found to be limited by 0.01 to 0.02 per cent of antimony. The preseng 
of lead in amounts less than 0.1 per cent greatly accentuated the effect of the 
antimony. It was also found that the impact strength of 70-30 brass as meas. 
ured by the Charpy test was lowered by the addition of 0.01 per cent of anti. 
mony. Lynes? reported that 0.1 per cent-of antimony increased the notch 
sensitivity of a 70-30 brass rod, but that 0.03 per cent of antimony did not have 
this effect. 

4. Rae® stated that for 0.303 calibre cases the antimony is one per cent of 
the weight of the unfilled cases. While this is higher than the percentage found 
in the present investigation, it is true that the smaller the case the greater the 
ratio of weight of antimony to weight of case. Rae also reported that in heats 
of alpha-beta brasses using 60 per cent fired cases, Izod impact values dropped 
sharply. He found that heating the cases in a muffle furnace at 500 to 600° C. 
for 10 min. to explode any unfired cases had no effect on the amount of anti- 
mony in the final alloy. 

5. Rolfe* showed that additions of over 0.75 per cent of antimony to 
Admiralty gun metal (88 per cent copper, 10 per cent tin and 2 per cent zinc) 
lowered the tensile strength and elongation below Admiralty specifications. 
Gardner and Saeger® found that up to 0,25 per cent antimony had no signifi- 
cant effect on the physical properties of 85-5-5-5 alloy (85 per cent copper, 
5 per cent each of tin, lead and zinc). 


EXPERIMENTAL PROCEDURE 


Antimony and Lead on Surface of Cases 


6. Fired cartridge cases were obtained from the Washington Navy Yard, 
the St. Louis Arsenal and the Frankford Arsenal; and were segregated accord- 
ing to period and place of manufacture. The cases from the arsenals were 0.50 
cal., and those from the Navy Yard were 20 mm. and 40 mm. Sample car- 
tridge cases from each group were sectioned lengthwise and analyzed spectro- 
graphically by the spark method for lead and antimony at various places on 
the inside surface of the case (Fig. 1). The percentages reported are on a 
comparative basis for equal times of sparking. In all of the cartridge cases the 
percentage of antimony was highest (about 0.05 per cent) near the primer end 
and gradually decreased toward the neck. The distribution of the lead was 
similar. 


Lead and Antimony Present in Remelted Cases 


7. To determine the antimony retained in melting fired cartridge brass, 
5-ib. heats of each type of case were melted in a graphite crucible in an induc- 
tion furnace. No cover was used because the walls of the crucible provided 
sufficiently strong reducing conditions. As soon as the metal was melted, it 
was stirred and the power shut off. The crucible was then removed from the 
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furnace and the metal allowed to solidify in the crucible. Samples for spectro. 





graphic analysis were taken from corresponding positions at the center of eac 
ingot. The compositions of melts of fired cases are shown in Table 1. 


i Table 1 

i CoMPOSITION OF MELTs or FirREp Cases 

i Type of Case Per Cent Sb Per Cent Pb 

BY | 50 calibre (F. A. 1940-43) 0.002 0.005 

ay 50 calibre (F. A. 1932-39) 0.003 0.007 

ie 50 calibre (S. L. A. 1940) 0.003 0.010 

. 20 millimeter 0.002 0.002 

a: 40 millimeter 0.003 0.005 

4 Cleaned cases 0.003 0.003 

f 

Cleaning Cartridge Cases by Chemical Methods 

3 8. An investigation was carried out on chemical cleaning of the cases with 
4 ; . . . . . - 

a aqueous solutions of sodium hydroxide, sodium cyanide, cream of tartar, and 

chromic acid. The effects of time, temperature, and concentration wer 

4 studied. The most suitable conditions were found with a solution of 25 per 
1 cent chromic acid and 0.5 per cent sulfuric acid used at room temperature 
7: with a leaching time of 10 min. Spectographic analysis before and after this 


test showed that the antimony on the inside surface of the cases decreased from 
0.05 per cent to less than 0.005 per cent. A few 5-lb. heats of cleaned cases 
were melted and an analysis of the metal showed the antimony and lead con- 
tent to be approximately the same as that obtained when uncleaned cases wer 
melted. In view of this fact, work on methods of cleaning was discontinued 


Manganese Bronze Made from Fired Cases 


9. Five heats of manganese bronze were made from fired cartridge cases 





in order to investigate the suitability of fired cases as a charge for making this 
alloy. One heat was made using all three types of cases available, two heats 


t 
YT 
3 


BS were made from 50 cal. cases, and two heats from 40 mm. cases. 
a: 
Hs Melting Practice 
ae 
; Me 10. The fired cases were melted in a clay-graphite crucible in an induction 
i furnace under a charcoal cover. In the first heat the iron and aluminum were 
ede: Late added in the form of a 50-50 master alloy, which melts at approximatel} 
: iis Hh i 1150° C. (2100° F.). This required heating the brass to such a high temper 


ture that zinc flaring became excessive. In the other four heats the irom 
aluminum master alloy was melted separately and added molten to the brass 
which was at a temperature of 1050° C. (1920° F.). Zinc flaring was caused 
by the addition of the molten master alloy, but was not as severe as it was 
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the first heat. The manganese was added as 50-50 copper manganese and the 
zinc and tin as virgin metals. 


Effect of Antimony on Manganese Bronze 


11. Several heats of manganese bronze were made from virgin metals for 
the purpose of determining the effects of antimony on the mechanical proper- 
ties. Two 200-pound heats were made having the following nominal composi- 


tion: 
Component Per Cent 
Copper 58.00 
Zinc 39.0 
Iron 1.0 
Aluminum 1.0 
Manganese 0.5 
Tin 0.5 


This metal was remelted in forty-pound lots and antimony added in amounts 
up to 0.20 per cent. All melts were poured at 990+10° C. (1814+18° F.) 
into bottom-fed “separately cast bar” tensile molds prepared in accordance 
with N.D. Specification 49-B-3e. The molds, which were made of no. 00 
Albany sand containing about 6 per cent moisture, were allowed to air dry for 
at least 24 hr. before using. The castings provided sufficient metal for two 
standard 0.505 in. tensile bars, chemical samples, and specimens for spectro- 
graphic analysis. 


DISCUSSION OF RESULTS 


Effect of Antimony and Lead on Use of Remelted Cases 

12, As shown by the analyses in Table 1, the percentages of lead and anti- 
mony remaining in remelted cases were of the same order of magnitude as in 
the virgin metal. These percentages were far below the minimum which would 
be harmful to the cold-rolling properties of 70-30 brass, as stated by Hull, Silli- 
man and Palmer’. 

\3. The manganese bronze made from fired cartridge cases met Navy 
Specifications 49-B-3e. Some of these heats had a tensile strength of 77,000 
psi. with an elongation of 23 per cent. Since this elongation was only three 
per cent above the minimum specified, an attempt was made to obtain a higher 
elongation with a lower tensile strength by adjustinging the composition of the 
bronze. When this was done, a tensile strength of 70,000 psi. and an elongation 
of 37 per cent were obtained (Table 2). 

\4. The addition of antimony to manganese bronze made from virgin 
metals was found to decrease the tensile strength and elongation. The metal 
will not meet specifications if there is more than 0.01 per cent antimony pres- 
ent (Table 3 and Fig. 2). This percentage was not found in any of the man- 
ganese bronze made from fired cartridge cases. 
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ANTIMONY - PER CENT 
Fic, 2—Errecr or ANTIMONY ON TENSILE STRENGTH AND ELONGATION OF MANGANESE BRONZE 


SUMMARY AND CONCLUSIONS 


15. Manganese bronze which will meet Navy Specifications 49-B-3e can 
be made from fired cartridge cases. 

16. The elongation of manganese bronze is sharply lowered if there is 0.1 
per cent of antimony present. This percentage was not found in any of the 
manganese bronze made from fired cartridge cases including 20 mm., 40 mm., 
and 0.50 cal. cases. 
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DISCUSSION 


Presiding: L. M. Lone, Leighton M. Long & Associates, Toledo, Ohio. 

Co-Chairman: C. O. Tureme, H. Kramer & Co., Chicago, IIl. 

G. P. HALLIwELu’ (written discussion): The yield strengths shown for heats B77 
to B79 inclusive in Table 3 appear to be somewhat high, especially when considered 
with the tensile strength and elongation. The results obtained in the writer’s laboratory 
on sand cast 44-in. web bars are shown in Table 4. 

Yield strengths at 0.1 per cent offset are always lower in manganese bronzes of this 
class than the yield strengths obtained at 0.5 per cent extension under load. The 
permanent sets accompanying these yields varied from 0.18 to 0.21 per cent, according 
to the copper content. Thus it will be seen that our 0.5 per cent yield strengths had 
a permanent set twice as large as the offset used in the paper, yet the yield strengths 
were about the same. Stress strain curves for these alloys often show a gradual curvature 
from the start and, at best, give a low proportional limit, which makes it difficult to 
obtain an accurate measure of the modulus. Moduli for our alloys were 14.5 X 10° psi. 
If moduli of lower values were used to determine the slope for the percentage offset, 


Perhaps Ensign Robertson can clarify this situation. 


Co-CHAIRMAN THIEME: I believe that Ensign Robertson has done a very good ‘job 
in the time he has had to prepare the information. He has shown us that cartridge 
cases—rifle shells as we would call them in the industry—can be used. Fired cartridge 
cases are being used and have been used in quite large quantity. The proposition we 
have here of the utilization of materials is sometimes not entirely one of direct utiliza- 
tion. It becomes a matter of economics, a matter of costs or of production speeds. 
Sometimes we are able to accomplish things in laboratories with small heats of 50 or 
100 Ib. that can not possibly be approached when we come to production methods. 


As to the effect of antimony on manganese bronze, the antimony content has never 
been a source of trouble in the 49B3e type of alloy. That is the alloy of 65,000 psi. 
tensile strength and 20 per cent elongation. But as we increase the tensile strength and 
as the alloys become a great deal harder to make, that is, containing higher iron, man- 
ganese and aluminum, the effect of the antimony becomes much more critical. 


The percentage of antimony in fired rifle shells is of the order that practically any 
quantity of them can be used. However, it is a different story when we start to produce 
manganese bronze in ingot form or to utilize shells direct in the foundry, because the 
uniformity of the product can not be depended upon when rifle shells are used straight, 
that is, 100 per cent rifle shells. It is one thing to make a laboratory heat, as I said 


'H. Kramer & Co., Chicago, Ill. 
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Table 4 
YIELD STRENGTHS OF Cast MANGANESE BRONZE aT 0.5 Per Cent 


EXTENSION UNDER Loap 


Yield 

Strength, 
—Competin- 0.5 per cent Tensile Elongation 
Heat per cent extension Strength, percent 
No. Cu Sn Fe Al under load psi. in 2 in. 
i 57.3 0.78 1.07 1.08 44,000 87,000 30.0 
2 58.0 0.85 1.20 1.09 41,000 82,500 34.0 
3 59.0 0.81 1.10 1.07 36,500 78,500 40.0 


before, and another thing to make a production heat in which conditions can not be 
so fully under control as they are in a laboratory. 

Does the 0.5 per cent of lead shown in Fig. | represent the lead content of the rife 
shell? 

ENSIGN RoBerTsON: The analysis that was shown in Fig. | does not mean that that 
is the percentage of lead that will be found throughout the case. That was done more 
or less for comparison and, actually, all we did was to take a dirty shell, saw it up and 
spark it right on the dirtiest surface we could find. We would vaporize whatever was 
there plus a little bit of the base metal. The reason we did that in the beginning 
was because we thought it would be just a cleaning problem, and we wanted to 
see what the results were before and after cleaning. That analysis of 0.5 per cent of 
lead just means that at the spot where we sparked it there was approximately that much 
lead around the surface and contained in the dirt. The actual lead content of remelted 
cases was found to be about 0.005 per cent. 

Co-CHAIRMAN THIEME: The reason I ask that question is because I have never yet 
found 0.5 per cent of lead in any fired rifle shell, and we use 40,000 or 50,000 lb. a 
month in our plant. 


We have found also that any grade of manganese bronze could be made with fired 
rifle shells excepting the very high-strength bronze, and that is something that has to 
be watched. Even there, we have been successful in making high-strength manganese 
bronze that would meet the 46B29 specification without the tin. When shells are used, 
our production speed drops as much as 25 per cent, and there are some heats that have 
to be thrown out. Perhaps the best way to utilize rifle shells is to use as many as we Can. 

Wm. Romanorr’: If, in order to allow freer machinability, we add an element such 
as lead to manganese bronze, we usually increase our copper content to take care of 
the drop in elongation caused by the additional lead. I believe that that should have 
been done where the antimony content was high (Table 3) and you knew that the 
ductility was to drop. The copper content should have been raised to compensate for it. 

ENsIGN RoBertTson: We wanted to keep them all on the same basis as much as we 
could. Any variations from the nominal were not intentional. 

Mr. RomanorF: A variation from 57 to 58 per cent of copper would mean con 
siderably less than one between 56 and 57 per cent. When you are down to 56 per cent 
of copper you are really at the danger point in elongation. 

H. R. Kino’: We pull manganese bronzes to the 49B3e specification that have 0.2 


7H. Kramer & Co., Chicago, Ill. 
2 Metal & Alloy Specialties Co., Inc., Buffalo, N. Y. 
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per cent of lead and probably traces of antimony that we do not know about, and we 
regularly get 30 per cent elongation. There is another manganese bronze with 0.50 per 
cent of lead that pulls 15 per cent elongation on the normal test bar. I can bear out 
Mr. Romanoff that the small amounts of lead that we are discussing here will not affect 
the elongation to the extent of bringing it down to 4 or 6 per cent because these other 
manganese bronzes carry so much more lead and still have 15 per cent elongation. 

B. A. Mitcer*: Do Mr. Romanoff and Mr. King have in mind that the tin content 
would affect the elongation? 


Mr. Kinc: Yes. Our 49B3e manganese bronze has a low tin content, under 0.10 
per cent. 

Mr. RomanorF: That would depend upon what alloy you are speaking of. If you 
are speaking of a free-machining leaded alloy, the A.S.T.M. specification calls for 60,000 
psi. minimum tensile strength with 20 per cent elongation. Tin runs as high as one per 
cent, and the lead runs pretty close to one per cent. Still we are able to obtain 60,000 
psi. tensile strength and 20 per cent elongation. With the lower lead content we naturally 
will get lower tin due to the alloying materials used, unless we intentionally add tin. 

MemBer: How do you account for the difference in yield strengths in heats E25 and 
£24A of Table 2? 

EnsicN RoBertson: A copper content of 57.86 per cent, with aluminum at 0.90 
per cent, gave the higher yield strength, 40,000 psi. With a copper content of 58.91 
per cent and aluminum at 0.68 per cent, the yield strength was 27,500 psi. 

Memser: A yield strength of 40,000 psi. is hard to get, keeping below one per cent 
of aluminum. 

Mr. HALLIWELL: We have to bear in mind that the yield strengths shown in Table 
2 are with 0.1 per cent offset. The high copper and low aluminum in heat E24A of 
lable 2 would give the low yield strength of 27,500 psi. 

EnsiGN ROBERTSON: Bear in mind that the tin content was about 0.5 per cent. 

G. H. BrapsHaw’: The Philadelphia Navy Yard has been using cartridge cases for 
the manufacture of manganese bronze and we did not seem to have any trouble. Our 
practice is that when we get high lead with high tin, we definitely make an attempt to 
keep the zinc content around 36 and 37 per cent and keep a Brinell hardness of 165 
to 170 on the chill test mold. I believe that there will be no trouble with either tensile 
strength or elongation provided that the zinc content is reduced about 1% per cent 
when there is high tin or lead. 

Co-CHAIRMAN THEME: The work of Halliwell* bears out what you say. 

Mr. BrapsHAw: The iron and manganese—which are in solution, not in suspension— 
must be closely controjled. 

Co-CHAIRMAN THIEME: It is much more difficult to get the alloying constituents dis- 
solved uniformly in low melting point 70/30 brass than it is when copper or a high 
melting point material is used. 


ENnsiGN ROBERTSON (author's closure): The author agrees with Mr. Thieme that the 
problem of using fired rifle shells is a matter of economics, costs and production speeds. 
However, it has been the purpose of this paper to show that from a chemical and metal- 
lurgical point of view, these rifle shells could be used as 100 per cent of the base charge 
n making manganese bronze to meet specifications 49B3e. 


‘Baldwin Locomotive Works, Cramp Brass & Iron Foundries Div., Philadelphia, Pa. 

* Philadelphia Navy Yard, Philadelphia, Pa. 

"Halliwell, G. P., “The Effect of Lead on Some Mechanical Properties of Manganese Bronze,’” 
Transactions, American Foundrymen’s Association, vol. 51, pp. 837-868 (1943). 
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In regard to the points raised by Mr. Romanoff and Mr. King about the low elonga- 
tion found in heats E-11 and E-12 (Table 3), it should be noted that these low values 
are not caused by the lead alone, but by the relatively high antimony content of these 
heats. The author agrees with these gentlemen that 30 per cent elongation may be 
obtained with a lead content of 0.2 per cent, but only if the antimony content js well 
below 0.01 per cent. 

In order to investigate the effect of adding lead to manganese bronze made from 
rifle shells, four additional heats were made and the results are shown in Table 5. The 
lead content was varied from 0.09 per cent to 0.23 per cent, and the antimony content 
was 0.003 per cent or less. The results show good tensile properties, and at least 29 
per cent elongation in each heat. This data substantiates the statements of Mr. King 
and Mr. Romanoff, as well as those made by the author. 


Table 5 
Errect oF LEAD ON MECHANICAL PROPERTIES OF MANGANESE BRONZE Map 


FROM CARTRIDGE CASES 


Mechanical Propertie 


Elonga- 

T ype Tensile tion, 

Heat of Composition, per cent————————. Strength, Per Cent 
No. Case Cu Zn Sn Fe Al Mn Pb Sb psi in 2 in 
E 26 40 mm. 57.45 39,32 0.53 0.86 0.96 0.78 0.09 0.003 80,500 29) 
E 27 40 mm. 57.57 39.23 0.50 0.86 0.92 0.78 0.14 0.003 79,800 315 
E 28 50 cal. 57.61 39.16 0.56 0.84 0.93 0.70 0.23 0.002 74,000 29.5 
E29 50 cal, 57.68 39.04 0.56 0.84 0.93 0.72 0.23 0.002 70,500 30.5 


The author realizes that for this class of manganese bronze (with modulus of elasticity 
of 14.5 X 10°), higher yield strengths will be obtained with 0.5 per cent extension under 
load than with 0.1 per cent offset, as pointed out by Mr. Halliwell. 

Our alloys were tested on a hydraulic type testing machine equipped with an auto- 
matic recorder. A calculation of the modulus from these curves showed it to be some- 
what lower than that used by Mr. Halliwell, thus accounting for the higher yield 
strengths. 

The author wishes to express his appreciation to all those who participated in the 


discussion 








Heat Treatment of Medium Carbon Cast Steel in 
Moderately Heavy Sections, Part Il 


By K. L. Crarx*, H. F. BrsHop* anp H. F. Taytor*, Wasuincron, D. C. 


A paper of the same title, which appeared in the A.F.A. Transactions 
for March, 1944", shows results from physical tests made upon samples removed 
from various positions within 10x10x20-in. castings and from two types of test 
coupons. Five different heat treatments were employed to determine if there 
was any justification for the long period in the furnace which is required by a 
prolonged anneal sometimes specified for heat treating castings having com- 
positions and section sizes similar to those investigated. Unrestricted heating 
rates, higher than usual temperatures of heating, abbreviated holding periods, 
and both water-quenching and normalizing with subsequent tempering treat- 
ments were tried as means of reducing “in-the-furnace” time. Results show 
that physical properties produced by the shorter treatments were equal to or, 
in most cases, better than those which were obtained from the annealed 
castings. 

2. Since liquid quenching facilities are limited or overtaxed in many 
foundries, it was apparent that further work should be confined to normaliz- 
ing treatments. Moreover, consideration of the limitations of batch heating 
and of the safety factor which is desirable in commercial heat treatment 
indicated that holding periods in the furnace of less than one hr. per in. of 
section should be avoided. Accordingly, six additional sets of castings and 
coupons, having a composition closely approximating that originally used 
Table 1), were heat treated as shown by treatments seven through twelve of 
Table 2. These treatments were based upon normalizing from 1650° F. 


Table 1 


CoMPOSITION OF STEELS USED 








Per Cent 
Elements Heat R Heat § Heat T 
Carbon 0.24 0.27 0.24 
Manganese 0.66 0.63 0.56 
Silicon 0.44 0.43 0.40 
Sulphur 0.016 0.012 0.017 
Phosphorus 0.031 0.030 0.036 
Copper 0.21 0.17 0.15 
Nickel 0.75 0.73 0.79 
Chromium 0.22 0.19 0.15 


*Steel Castings Section, Division of Physical Metallurgy, Naval Research Laboratory, Anacostia Station. 
TRANSACTIONS, American Foundrymen’s Association, vol. 51, pp. 617-646 (1943). 
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C.) after holding at temperature for one hr. per. in. of section and 
tempering at 1250 F. (675° C.). Variations of the base treatment consisted 
of prior normalizing from 1650° F. (900°C.), 1800° F. (980° C.) and 
noe F. (1095° C.). A single normalizing and tempering treatment with 
holding times of one-fourth hr. per in. of section and a long annealing treat- 
ment were also included in the series for purposes of comparison. 


900 


3. Compositions, heat treatments, and physical property data which were 
previously published are reproduced in condensed form with corresponding 
data from the final set of castings for reference (Table 3). Specimens for 


Table 3 


Errects OF Heat TREATMENTS Upon Puysicau Properties In 10x10x20-1n. 
CASTINGS AND CouPpoNS 


Heat Redn. Elong. —-Cold Bend— 
T reat- Location Tensile Yield of in Izod Max. Angle of 
Heat ment, of Strength, Strength, Area, 2-in., Impact, Load, Bend, 
no. Sample psi. psi. percent percent ft.-lb. Ib. deg. 
I Center 70,000 45,000 18.1 16.4 31.5 7,400 % 
| Corner 76,000 49,000 35.8 26.8 30.0 7,600 95 
l Coupon 76,000 50,500 57.4 32.4 35.0 7,900 135* 
2 Center 67,000 43,750 14.5 9.4 22.0 7,100 65 
R 2 Corner 76,000 45,900 37.0 25.8 20.5 7,600 7 
2 Coupon 75,500 48,850 58.2 32.0 27.0 8,000 135* 
3 Center 68,000 40,500 18.1 10.9 $2.0 7,400 75 
3 Corner 78,650 43,800 38.5 26.5 31.0 7,600 70 
3 Coupon 77,500 47,500 45.2 28.9 37.5 8,000 135* 
4 Center 77,250 50,650 21.0 13.0 51.0 7,750 71 
4 Corner 84,500 58,300 47.0 26.0 64.0 8,300 84 
4 Coupon 93,875 71,100 63.0 28.0 79.0 8,600 135* 
) Center 72,500 41,900 20.0 15.0 40.0 7,350 63 
5 ) Corner 80,250 47,600 31.0 23.0 32.0 7,550 66 
5 Coupon 79,750 48,250 55.0 30.0 33.0 8,000 135* 
6 Center 72,500 39,650 24.0 19.0 37.0 7,400 68 
6 Corner 79,350 45,200 31.0 20.0 27.0 7,800 70 
6 Coupon 79,375 44,500 44.0 27.0 30.0 8,100 135* 
7 Center 68,875 42,200 24.7 16.0 28.0 6,660 84 
7 Corner 72,415 44,000 36.7 25.1 31.0 7,030 77 
7 Coupon 72,690 44,000 57.5 31.7 34.8 7,505 135* 
8 Center 67,460 44,500 20.7 12.8 34.8 7,080 85 
8 Corner 74,585 41,625 34.3 23.9 36.0 7,305 115 
8 Coupon 74,050 46,250 57.6 30.5 41.5 7,455 135* 
9 Center 67,170 45,960 23.2 13.1 37.1 7,120 83 
9 Corner 72,585 44,625 39.2 28.0 32.3 7,245 97 
T 9 Coupon 72,810 47,750 59.9 31.5 42.0 7,525 135* 
10 Center 66,750 45,500 19.9 13.6 34.8 6,950 ay 
10 Corner 72,420 43,670 33.1 26.5 33.3 7,185 121 
10 Coupon 71,875 45,940 59.4 31.0 39.3 7,240 135* 
il Center 66,375 42,875 21.5 14.8 40.9 7,085 4 
Il Corner 71,875 46,040 36.3 24.6 35.0 7,235 135* 
il Coupon 73,190 49,190 60.7 31.8 42.0 7,470 135* 
12 Center 65,165 37,915 19.8 11.4 38.0 6,975 75 
12 Corner 71,665 39,625 32.7 24.8 35.3 7,740 167 
12 Coupon 73,060 41,625 50.5 29.2 38.3 7,530 135* 


“Upper limit used. 
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obtaining these data were removed longitudinally from the 10x10x20-in 
castings or from the Type B coupon, both described in the original paper, 
The so-called Type B coupon consists of a group of 1x1¥%x5-in. specimen 
blanks, cast vertically around, and with one side of each blank adjoining , 
heavy section upon which is imposed an open riser. 

4. Physical properties resulting from Treatment No. 7, the single normaliz- 
ing and tempering treatment, follow very closely in most respects thos 
obtained from other treatments of the same series. When this fact is con- 
sidered in conjunction with reduced furnace time requirements and lessened 
scaling of castings as compared to the long annealing treatment or the double 
treatments, and lowered maintenance and operating costs as compared to the 
higher temperature treatments, it is believed that the single normalizing and 
tempering treatment generally offers the best advantages for the type of 


casting involved. 
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Die Casting Aluminum Alloys by the Cold Chamber Process 


By S. U. Srena*, Litre Neck, N. Y. 


Abstract 


The cold chamber, or high pressure, die casting process has received 
considerable impetus since the entrance of the United States into the 
war. This impetus has resulted from the development of aluminum 
alloys primarily adapted to the process. In this paper, the author 
discusses not only the alloys used, but the details of the process and 
makes recommendations to be observed to secure the best possible 
product. He discusses both casting and die design and the factors 
involved in the process, such as die preheating, die coatings, metal 
injection speeds and pressures, metal and die temperature control and 
melting practice. Proper inspection to secure the best possible product 
is emphasized. 


|. The cold chamber process of die casting, otherwise known as “high 
pressure die casting process,” has come into its own during the past few years 
and has become a very important manufacturing process in our War Effort. 
By the proper use of the cold chamber die casting process, much machining of 
parts can be eliminated and a considerable decrease in weight and materials 
wed can be obtained. 

2. Vast improvements have been made by the die casting industry in the 
past 2 or 3 years toward improving the quality of their product, and the fur- 
ther improvement of quality has been deemed so important that the War Pro- 
duction Board has set up a committee to certify certain die casters to be 
equipped for, and capable of the manufacture of, first quality castings. 

3. This paper is based on actual experience and past observations in the 
hope that it will be of some help to designers and users of die castings and 
perhaps of some use to those who are new in the industry. 


A.LLoys USED 


4. Originally, most aluminum die castings were made of an alloy contain- 
ing 4 per cent copper, 5 per cent silicon and remainder aluminum, with either 
ilatively low or high impurities. This alloy worked out very well for low 





*Die Casting Coordinator, Sperry Gyroscope Co., Inc. - j 
Nore: This paper was presented at an Aluminum and Magnesium Session of the 48th Annual Meet- 
ig, American Foundrymen’s Association, Buffalo, N. Y., April 27, 1944. 
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pressure, gooseneck type machines. However, for the cold chamber process, 
better casting alloys were required. An alloy containing 13 per cent silicon and 
remainder aluminum was used in early high-preassure castings. Recently, better 
casting alloys have been developed. About a year ago, an alloy of 9 per cent 
silicon, 3% per cent copper and remainder aluminum was standardized for 
most ordnance work. 

5. An alloy containing 10 per cent silicon, 0.5 per cent magnesium and 
remainder aluminum, recently has been used and is claimed to be an excellent 
casting alloy. For castings requiring the highest combination of strength and 
ductility, an alloy of 8 per cent magnesium and remainder substantially alumi. 
num has been standardized at the sacrifice of some castability. As there is 
some iron pick-up in the die casting process, most specifications have allowed 
maximum iron of 1.3 per cent. 


Diz Castinc DESIGN 


6. To facilitate ease of casting layout and machining, die castings should 
be designed with the parting line all in one plane. Undercuts should be elimi- 
nated wherever possible to prevent intricate coring and loose pieces in the die. 
Designs should be made using dimensional tolerances of +0.0025-in. for the 
first inch and +0.0015-in. for each additional inch or fraction thereof, except 
where wider tolerances are satisfactory. In certain cases where design require- 
ments make it necessary, closer tolerances may be obtained at the cost of more 
painstaking die work and inspection. 


Wall Thickness 


7. In the die casting process, it is difficult to obtain heavy sections free 
from porosity. Optimum wall thickness should be between 3/64 and 5/32-in. 
To strive to keep within these tolerances, surfaces should be left unmachined 
wherever possible. On surfaces that must be machined, a machining allowance 
of not greater than 0.020-in. per side should be allowed. Bosses having holes in 
the finished part should be cored for casting. To facilitate ejection and 
removal from the die, a taper of 0.010-in. per in. per side should be used. 
Large, complex castings should be broken down into smaller sub-assemblies 
wherever possible. Inserts of wrought material can be cast in place, an 
example being sleeves in pump housings. External threads, not exceeding 24 
pitch, can be cast up to a class 2 fit. 


Diz DESIGN 


8. Dies can be made which have one or more cavities of the same or differ- 
ent parts. In this respect, it may be noted that the highest quality casting can 
be made from a single cavity die, since the maximum control can be main- 
tained on the pressure, the velocity, and the temperature at which the metal 
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enters the cavity. In many cases, the machine available for specific castings 
can not be operated economically with a single cavity die. Therefore, multi- 
cavity dies are used at the sacrifice of some control over the quality of the 


prod uct. 


Die Components 


9. The die consists of two halves, a cover and ejector half and the ejection 
mechanism. The cover half of the die is fastened to the stationary platen of 
the machine. The ejector half of the die is fastened to the ejector box, which 
in turn is fastened to the movable platen of the machine. The actuating 
medium for opening and closing the die may be either hydraulic or mechanical. 
The gate passage in the die for entrance of metal into the cavity should be as 
straight and free from obstructions as possible. The size should be in propor- 
tion to the cavity which is to be filled, and the length of this passageway should 
be kept to a minimum. 


Venting 


10. Vents must be cut in the die about the cavity in relation with the gate 
in such manner as to permit the air in the cavity to exit when the molten metal 
is forced into the cavity. Otherwise, air will be trapped in the cavity and cause 
a porous casting. Larger overflow vents often are necessary in the die, usually 
at the farthest point in the cavity from the gate, to allow the first metal enter- 
ing the die to overflow and carry with it most of the dross and lubricating 
medium that is forced ahead of the molten metal. 


Die Steels 


11. The die should be operated at the highest possible temperature. Conse- 
quently, the best grades of heat resistant steel should be used. A steel contain- 
ing one per cent tungsten, 5 per cent chromium, 1.5 per cent molybdenum, 
0.35 per cent carbon, heat treated to a hardness of about 450 Brinell, has been 
found to be satisfactory. On small cores where breakage is sometimes excessive, 
an 18-4-1 high speed steel has been used successfully. 

12. Cheaply made hobbed dies, case carburized, have proved most unsatis- 
factory for high pressure aluminum castings, since they become heat checked 
sometimes after only a few hundred castings have been made. 


CASTING OPERATION 


13. Die temperature should be controlled closely. This is very important. 
Maximum die temperature allowable is restricted by the steels available to 
withstand the temperatures and pressures encountered. Normal good practice, 
at this time, is to use a die temperature of from 400 to 500° F. Higher die 
temperatures would be consistent with the production of better quality castings 
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and may be used when better die steels are available. The use of higher 
5S 
temperatures will cause the operation to be slower. 


Die Coatings 


14. Die coatings are necessary to reduce initial chill and prevent alloying 
of the die casting metal with the die. A spray made of chalk water or colloidal 
graphite and either water or a light oil has been found to be best. Some form 
of die lubricant also must be used. Both colloidal graphite and light oil act 
as good lubrication media. Melted paraffin or beeswax can be used as a 
lubricant when sprayed on the die between shots, and heavy graphitic greases 
are best for the lubrication of ejector pins, and the plunger tip. To keep the 
injector plunger operating freely in the sleeve, it must be water cooled. 


Injection Speed and Applied Pressure 


15. There are many combinations of speed of injection and applied pres- 
sure that can be used in a die casting operation. Both of these factors are 
exceedingly important in controlling porosity in the die casting. A high injec- 
tion rate is required on castings having a wall thickness under 3/64-in. The 
disadvantage of high injection rates is that spraying of metal occurs in the 
cavity. The spraying action of the metal against the cavity tends to erode the 
steel, and causes the formation of oxides which decrease fluidity. The oxides 
and viscous metal are trapped in the cavity, causing porosity. 

16. If the castings have been so designed as to maintain uniform wall 
thicknesses between 3/64 and 5/32-in., then slower injection rates may be 
used. In this case, the metal flows into the cavity with a minimum amount of 
turbulence and the oxides and other non-metallics are carried ahead of the 
stream of molten metal through the cavity and into the overflow vents. The 
pressure used must be sufficiently high to cause the metal to flow uniformly 
through all parts of the cavity and into the vents before it starts to freeze 
and also to compress the metal in the die to prevent cavities resulting from 
liquid to solid shrinkage. 


Pressures Used 


17. In general, high pressures will decreasé the amount of porosity present 
in a die casting but high pressure is not a panacea for porosity. The plunger 
tip, by which the pressure is applied to the molten metal, is actuated hydrauli- 
cally. Pressure on the metal of from 5,000 to 30,000 psi. is used in the cold 
chamber process. Newest machines are designed to give controlled plunger 
speeds of 9 to 15-in. per sec. and to develop the high pressures previously noted 
at the end of the stroke. Once sound castings are obtained from a given com- 
bination of speed and pressure, the equipment must be so constructed as to 
make possible the maintenance of these conditions throughout the run. 
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i8. It is very important that machines be equipped with pressure gauges. 
It also is essential that constant die temperatures be maintained throughout a 
run. This is controlled by the careful preheating of the die at the start of a 
run and thereafter, by the uniformity of the time interval between shots and 
by the rate at which cooling water is passed through the die. 


ance of 1 emperature Control 


\9. Automatic temperature control of the metal in the holding pot is very 
important. If too low a temperature is used and the metal is cast in the mushy 
state, the segregation of beta iron silicide will result in hard spots in the cast- 
ings. Hard spots resulting from this practice can cause no end of trouble in 
machining operations. Metal in the holding pot should be maintained molten 
and at a constant temperature at all times. The reason for this is that the 
fluidity of the metal and the rate of solidification will vary as temperature 
varies. Once a cycle is established that gives sound castings, it is important that 
all conditions relative to this cycle be maintained under constant conditions, 
and the temperature of the metal in the holding pot is one of these conditions. 

20. Care should be taken to find the exact weight of metal required for a 
shot and then to give the operator a ladle having the proper volume to hold 
exactly this amount of metal. 


Melting Practice 


21. Two types of melting facilities currently are used for aluminum. In 
some shops, small ingots of aluminum of the proper alloy are fed into the 
holding pot from time to time and enough heat is supplied to the holding pot 
to melt the metal as it is added and to maintain constant temperature of the 
molten aluminum. In other shops, all of the melting of cold metal is done in a 
separate furnace and molten metal is supplied to the holding pots at the 
machine. The author feels that better control of temperature can be main- 
tained by the latter method. 

22. Both iron and refractory pots are used. If iron pots are used, they 
must be removed from the furnace and given a good coating of lime, or other 
similar material, at frequent intervals, otherwise the iron pick-up by the metal 
will be excessive. No iron pick-up is encountered from the melting pot if 
refractory crucibles are used, so it is felt that refractory crucibles are preferable 
in holding pots. 


INSPECTION OF CASTINGS 


23. It has been stressed previously in this paper that it is important to 
maintain constant conditions throughout a die casting run, so that the quality 
of the product can be maintained. Before the proper set of conditions can be 
ascertained, it is necessary to have adequate inspection means to determine 
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whether a good casting is being produced. X-ray inspection is a most impor- 
tant means of determining this. After the die has been hardened and sufficient 
castings have been made to determine proper mechanical operation of the die. 
a few castings should be made and the conditions under which they are made 
recorded. These castings should then be x-rayed through all their sections, Ij 
porosity is revealed at a point where it would be detrimental in the fabrication 
or to the use of the casting, some of the conditions under which the casting 
was made should be changed, one at a time, until sound castings are obtained, 
as revealed by x-ray examination. 

24. X-ray fluoroscopy is now being used as a means of x-ray inspection 
where 100 per cent inspection of parts is required. It has been the author's 
experience that fluoroscopy can be a useful tool to separate a mixed lot of good 
and bad castings. However, fluoroscopic inspection of first parts can never 
replace radiographic inspection, as the fluoroscopic examination will not 
reveal all defects. When fluoroscopy is used, radiographic negatives should be 
made first, and then the conditions under which the fluoroscope is used should 





Fic. 1—Raprocrapu or Castine Mave wits Hicx Injection Rate. Nore Porosity Causep sy METAL 
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PRESSURE WITH 
be so varied as to reveal defects which are known to be present in castings 
and previously located on radiographic negatives. 

25. Figure 1 is a radiograph of a casting which had been made with a 
high rate of injection, resulting in a spraying action which caused the porosity 
revealed by x-ray. Figure 2 is a radiograph of the same part made with very 
high pressure. In this case, the injection rate was slow, resulting in a uniform, 
porosity-free product. 


SUMMARY 


26. Summarizing the facts regarding the cold chamber die casting process, 
it may be stated that: 

1. The high pressure die casting process can be used to make sound, 
high strength, inexpensive parts to close dimensions. To use this process to 
its greatest advantage, the designer of parts should be familiar with die cast- 
ing merits and limitations and should design his parts accordingly. 
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2. Die design should be based on single cavities wherever possible. the 


shortest possible gates, and sufficient vents and overflows to permit (a the 
venting of the air from the mold and (b) the overflow of dross from the 
cavity. 

3. Slow enough speeds of injection should be used to prevent spraying 
action of the metal in the cavity, and sufficient pressure should be used to 


' prevent porosity resulting from liquid to solid shrinkage. 


4, First castings in a run should be inspected to determine that a satis. 
factory product is obtained and then, constant conditions of operation 
maintained throughout the run. 
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DISCUSSION 


Presiding: L. Brown, Magnesium Fabricators Div., Bohn Aluminum & Brass Corp, 
Adrian, Mich. 

Co-Chairman: J. C. Fox, Doehler Die Casting Co., Toledo, Ohio. 

J. J. Baum’: What method do you use to degassify the metal prior to its entrance 
into the ladle? 

Mr. SrenA: We try to maintain the metal in the holding pot with as little agitation 
as possible. We have had no experience in otherwise degassifying the metal in the 
holding pot. 

P. D. Frost*: How close are the tolerances and what is the reproducibility? 

Mr. Siena: Generally, the standard practice is for a tolerance of 0.0025 in. per in. 
for the first in., and 0.0015 in. for each additional in. or fraction thereof. This is true 
in aluminum and magnesium practice. However, there are conditions where a spread 
of holes may have to be held to closer tolerances and, by trial and error, these closer 
tolerances can be achieved. 

K. Putiurps*: To what tolerances are the dies made? The 0.0025 in. per in. is the 
variation in the casting itself. 






Mr. Siena: In designing and building a die, the designer utilizes, in aluminum and 
magnesium, approximately 0.0055 to 0.006 in. per in. shrinkage. Therefore, the die 
includes the shrinkage factors. However, it is not always possible to guess the complete 
shrinkage on a die casting and, therefore, it may be necessary to rework the impression 
or possibly to respace hole locations in order to achieve the closer tolerances. 







R. L. Bertin‘: Assuming optimum casting conditions and satisfactory design, what 
percentage of regular production run of castings should we expect to be free of gas 
holes? 

1 Allison Div., General Motors Corp. 

? Curtis Wright Corp., Buffalo, N. Y. 

3 Bri Mfg. Co., Cleveland, Ohio. 

i ‘ Wright Aeronautical Corp., Lockland, Ohio. 
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Mr. Siena: In actual operation, castings have been produced with a scrap loss of 7 
per cent. 

. A. Sucar®: Is the porous condition actually gas porosity, or is it due to air trapped 
‘n an improperly vented die cavity? 

Mr. Siena: Most of the porosity is due to the air which is trapped in the impression 
or ahead of the metal which enters the mold. However, the lubricating media, which 
we know contains volatile material, can also create gas. 

Mr. Sucar: Volatilized lubricant would result in a scrap casting. 


Mr. SieNA: Not necessarily; not if we vent through the impression and the gas 
appears on the surface of the castings. There are two types of porosity, and possibly 
the porosity which appears on the casting surface should not even be called that. There 
are three types of defects that might be cause for rejection of a casting. One type would 
be internal porosity, the second shrinkage, and the third type is an apparent chill mark 
or laminated appearance on the outer surface, also known as surface porosity. 


Mr. Sucar: Your shrinkage, then, is not a gas porosity? 

Mr. SIENA: No. 

Mr. SucaR: Your greatest percentages of rejections are for shrinkage, for gas poros- 
itv, or for entrapped air, or would you differentiate between the three? 

Mr. Siena: I would differentiate between the three and I would not say that any 
one of them would be the biggest single factor in scrapping castings. I would say every 
one of those elements would be entirely dependent upon the way the castings had been 
originally designed. 

Mr. Sucar: What has casting design to do with gas porosity? A casting is certainly 
not designed for a definite amount of gas in the metal. 

Mr. Siena: That is very true. 

Mr. Sucar: So, in reality, this defect is not gas porosity. It is either microshrinkage, 
or it is due to die cavity air that is not being properly vented. As soon as the casting 
design gets to be a factor, then it certainly can not be due to gas already in the metal 
when it goes into the cold chamber. 


Mr. Srena: But casting design is a factor and, because most designers neglect its 


importance, the foundry industry-suffers from the defects caused either by shrinkage or 
porosity. 


*U. S. Metals Refining Co., New York, N. Y. 
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Pulverized Coal Firing of Malleable Iron Annealing Kilns 
By L. S. Witcoxson*, New York, Anp D. F. SAWTELLE**, BRANForp, Conn 


Abstract 
This paper is an account of the use of pulverized coal as a fuel in malle 
able iron annealing kilns. First, by direct firing an old hand-fired kiln, 
followed by the conventional pair of car type periodic kilns fired alter- 
nately with one pulverizer; and the more recent installation of a direct- 
fired circulating system with which any or all of the five kilns can be 
fired from one pulverizer. 


GENERAL 


1. Pulverized coal was used for both melting and annealing in the malle- 
able iron industry as early as 1919 in both the direct-firing and circulating 
systems. In 1925, the foundry with which the author is connected, purchased 
a high-speed beater-type pulverizer for pulverizing charcoal for use in mold 
facing, with the idea of adapting the pulverizer to the firing of one of a series 
of hand-fired annealing kilns. 

2. In 1926, a second pulverizer of this same type was installed and put in 
successful operation, melting iron in a batch-type air furnace. This was fol- 
lowed in 1927 with a similar pulverizer, installed for firing a second batch-type 
air furnace. 

3. From the experience gained from the successful operation of these two 
pulverizers on the melting furnaces, work progressed on firing one of the ten 
hand-fired kilns with pulverized coal. 

4. After raising the roof of the kiln to provide better gas circulation, 
changing the flue system within the kiln to obtain proper heat distribution, 
and insulating the side walls, this kiln was put in successful operation during 
1929, and, with many changes and new parts in the pulverizer, has been in 
constant use since that time. 

5. As to the interest malleable foundrymen have in the use of pulverized 
coal, it is only necessary to refer to the paper presented before the A.F.A. 
convention in 1942, by Bean and Jaeschke’. Table 2 in that paper, giving 
comparative cost figures on oil-fired, hand-coal-fired, and pulverized-coal- 
fired annealing kilns is most informative, and explains why, as is shown in 
Table 3, 45.7 per cent of the annual tonnage of malleable iron produced is 
annealed with pulverized coal. The first pair of periodic car type pulverized- 
~ #Executive Assistant, The Babcock & Wilson Co., New York, N. Y. 


**Metallurgist, Malleable Iron Fittings Co., Branford, Conn. ra 
1 Bean, W. R., and Jaeschke, W. R., “Periodic vty aimed Annealing Furnaces,’’ TRANSACTIONS, 


American Foundrymen’s Association, vol. 50, pp. 39-49 (194 
al Meeting, 


Nore: This paper was presented at a Mal eable Iron Founding Session of the 48th Annu 


American Foundrymen’s Association, Buffalo, N. Y., April 26, 1 
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coal-fired kilns, as described in this paper, was put in operation during 1933. 

6. In 1940, a second pair of periodic car-type annealing kilns was put in 
operation, having several features which were incorporated in their construc- 
tion and which were considered to have advantages over the conventional 
type. A much greater use of insulating brick was made, and the roof was 
slanted up toward the burner end to afford more combustion space where 


most needed and to provide for better gas circulation. 


PULVERIZER 

A different type of pulverizer, using a series of steel balls instead of 
beaters and traveling at less than one-sixth the shaft speed of the pulverizers 
previously used, was installed with these new kilns. Both kilns and pulverizer 
on subsequent operations have justified their selection. There have since been 
lower fuel costs due to better kiln insulation; improved combustion due to the 
consistently high degree of fineness of the pulverized coal and uniform air-to- 
coal ratio throughout the entire heating cycle; and lower maintenance costs 
due to low speed and the grinding principle employed in this pulverizer. 
A representative proximate coal analysis and screen analysis of the pulverized 
coal are shown in Table 1. 


PULVERIZED Coa SysTEMs 
8. There are three types of pulverized-coal systems now available, any one 
of which may be employed, depending upon surrounding circumstances, and 
which, in chronological order of development are: 
(1) Storage or bin system. 
(2) Direct-fired unit system. 
(3) Direct-fired circulating system. 


Table 1 
Coat ANALYSIS AND PULVERIZED Coa. FINENESS 
Components Per Cent 
, Air dry loss at 95° F. 3.9 
Moisture Total 5.8 
Volatile matter 21.8 
Fixed carbon 72.8 
Ash 5.4 
Sulphur 0.9 
B.t.u. per Ib., dry 14,900 
Fineness, 
Passing Screen No. 
50 100.0 
100 99.6 
140 98.8 
200 94.0 
325 85.5 
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Storage System 

9. The storage system is the earliest form of application of pulverized. 
coal firing, and involves a pulverizer plant operating under essentially base. 
load conditions for a sufficient number of hours per day to supply pulverized 
coal to storage bins in a quantity sufficient to meet the plant’s daily require. 
ments. The pulverized coal normally is fed from a storage bin adjacent to 
the pulverizers, by means of an air transport system, to smaller individual 
storage bins adjacent the burners to which the coal is to be supplied 
From these storage bins the coal is fed by means of a feeder into a stream of 
primary air and the mixture delivered, to the burners, by which, with the 
addition of secondary air, combustion is attained in the kiln. Such installa. 
tions have been made, and are still in operation, on a number of annealing 
kilns and melting furnaces in the malleable industry. 

10. This system has the disadvantage of high initial capital expenditure 
for the necessary equipment involved, and high overall operating cost. There 
is, as well, an operating disadvantage in that the pulverized coal, on being 
separated from its stream of carrier air when delivered to the storage bins, 
is apt to pack and snowball, and thus interfere not only with combustion 
efficiency, but also with the control of the process to which heat is applied. 
It has a further disadvantage in that the raw coal must be predried in a 
separately fired dryer, or in the pulverizer with preheated air, and the air 
must be vented to the atmosphere through a system of dust eliminating devices. 
It has been largely superseded in recent applications of pulverized-coal firing 
by the direct-firing system, which, with its modified circulating system, forms 
the basis of the present discussion. 


Direct-Fired System 

11. In the direct-fired system of pulverized-coal firing, the burner lines 
are taken directly from the pulverizer, so that the air used through the 
pulverizer to pick up the coal pulverized therein constitutes the primary air 
for combustion, and secondary air from another source is added at the 
burners to complete combustion. The great advantage of the direct-fired 
system is its simplicity and the minimum of equipment involved, as com- 
pared with the storage system previously referred to, as well as the ability, 
in direct firing, to keep particles of finely pulverized coal separated, from the 
point of pulverization to the point of use, by its continued suspension in air. 

12. However, this system is limited in its most advantageous application 
to one pulverizer heating one kiln at a time, and the control for more or les 
fuel is effected by changing the rate of input to the pulverizer. In other 


‘words, in order to control the B.t.u. requirement to a kiln it is necessary to 


heat that kiln by an individual pulverizer, regardless of heat requirement. 
A further requirement, of course, is that there must be a space available 
adjacent to the kilns being fired for the installation of the pulverizer with its 
drive, fan, raw-coal bin, and raw-coal handling equipment. 
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Direct-Fired Circulating System 

13. A direct-fired circulating system has been developed more recently to 
meet those conditions outside the zone of economic application of the direct- 
fired system, while at the same time maintaining the advantages of a direct- 
fired system. These conditions, incidentally, are particularly prevalent in the 
malleable iron industry, consisting of large numbers of small annealing kilns 
having small individual heat requirements, and often so spaced that there is 
considerable distance between the furthermost kilns of a group. Very fre- 
quently such kilns are of such a nature as to their installation and use that 
there is no space available in their immediate vicinity for the installation of a 
pulverizer and its appurtenant equipment. 

14. To meet these conditions, the direct-fired circulating system has been 
developed so that the pipe carrying the pulverized coal and its primary air is 
in the form of a continuous loop, arranged so that the loop extends adjacent 
to the kilns to be fired, and also to some convenient location away from the 
kilns where the pulverizer and its component equipment can be installed as an 
integral part of the loop, and yet avoid any interference with operation of 
the kilns. The loop can be of any length up to 1000 ft., or more, and as many 
burner lines can be taken from it as there are burners to feed, with a low limit 
on individual burner capacity for general purposes of less than 50 lb. of 


coal per hr. 


Coal and Air Feed 

15. Each burner can be turned on and off as required. Coal feed to the 
pulverizer is automatically controlled, so that a mixture of pulverized coal 
and air in proper proportions is supplied to the continuous loop at the same 
rate at which it is fed to the burners at any particular moment, thus resulting 
in the maintenance of a substantially constant pulverized coal and air supply 
in the circulating line. 

\6. Figure 1 illustrates diagrammatically the layout of a direct-firing cir- 
culating system, from which the relationship of the pulverizer to the circulating 
system can be clearly seen. The ease and flexibility of operation of such a 
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circulating system is best illustrated by the fact that its operation and per- 
formance is closely analogous to that when gas is used as a fuel. 

17. Figure 2 shows an interesting development in connection with pul- 
verized-coal firing of some malleable annealing kilns. There are 11 annealing 
kilns located in one room, six of these kilns being indicated in the three 
arrangements, A, B and C of Fig. 2. The arrangement shown by A repre- 
sents the original installation of direct-firing pulverized coal equipment, jn 
which a single pulverizer was employed to direct-fire two annealing kilns 


firing only one kiln at a time. 
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(AS EXTENDED) 


Fic. 2—Layout or Direct-Firep Crrcucatinc System ON ANNEALING FuRNACES. 
Kiln Capacity and Heating Cycle 

18. Each of these kilns has a capacity of approximately 15 tons of malle- 
able iron castings per heat, the heating cycle being 76 hr. and the period 
between the cycles also being 76 hr., so that by staggering the heating and 
cooling periods of the two kilns, the pulverizer was operated essentially con- 
tinuously. The pulverizer has a rated capacity, with coal having a grind- 
ability of 70, of 830 Ib. per hr. at a fineness of 85 per cent through 200 mesh, 
while it actually supplied the heating requirements of the kiln, which amounted 
to 300 Ib. of coal per hr., with pulverized coal having a fineness of 95 per cent 
through 200 mesh. In this installation, it was possible to locate the pulverizer 
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close to and about equi-distant between the kilns to be fired, resulting in 
simple and short burner lines between the pulverizer and the kilns. 

19. With the obvious over-capacity available in the pulverizer, as indi- 
cated by the figures given, the original direct-fired arrangement involving the 
two annealing kilns was converted to a direct-fired circulating system. An 
additional annealing kiln, having approximately twice the capacity of either 
of the two kilns already being fired, was added to the system and supplied with 
coal from the same pulverizer installation. The layout of this direct-fired 
circulating system is shown in Fig. 2-B. 

90. In making this conversion, the larger kiln was converted from hand 
firing to pulverized-coal firing by the addition of a single burner and a Dutch 
oven. Furthermore, the floor of the furnace near the burner was lowered 
6§ in. and the flue outlets were changed to provide better gas circulation and 
alleviate over-heating the top of pots adjacent to the firing wall. The results 
were gratifying, in that the time of the heating cycle was drastically reduced, 
with a reduction in the amount of coal required to anneal a charge of malle- 
able castings, as shown by Table 2. 


Time-Temperature Relationship 

21. The time-temperature relationship for both hand firing and pulver- 
ized-coal firing is illustrated in Fig. 3. It would be possible to obtain a 
decidedly higher fuel ratio on this kiln with pulverized-coal firing at some 
sacrifice in the time saved on the heating cycle, but, with the existing plant 
requirements, the importance of increased production with moderate fuel 
economy takes precedence. It will be noted that, as against a firing period 
of 195 hr. with hand firing and a fuel ratio of 2.7 tons of castings per ton of 
coal, with pulverized coal the firing period was reduced to 87 hr., with an 
improved fuel ratio of 3.1 tons of castings per ton of coal. With this firing 
arrangement, any combination of furnace operating cycles was satisfactorily 
handled. 

22. Subsequently, this direct-fired circulating system was further extended, 
as shown by Fig. 2-C, to incorporate two additional annealing kilns, each 
having a capacity equivalent to the original direct-fired kilns, and this system 
has been in satisfactory operation since December, 1942. The pulverizer is 
of the same type as used for the original direct-fired installation, although the 


Table 2 


ANNEALING CycLE AND AVERAGE IRON-TO-CoAL RATIO Durinc 40-Day PERIop 


Type Average Weight Average Time Iron-to-Coal 
Kilns Method of Firing of Charge,tons Under Fire,hr. Ratio 
Batch Hand Fired 30 195 2.7 
Batch Pulverized-Coal Circulating 30 119 3.5 
Car Pulverized-Coal Direct-Fired 15 78 4.2 


Car Pulverized-Coal Circulating 15 67 4.1 
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END FIRING 
CYCLE WITH 
PULVERIZED 
COAL - 87 HRS 
FUEL RATIO 
3.1 TO |. 


TEMPERATURE - °F 


END FIRING CYCLE WITH 
HAND FIRING = 195 HOURS 
FLEL RATIO 2.7 TO |. 





0 1 2 3 a 5 6 7 8 9 
TIME - DAYS 


Fic. 3—Time-Temperature RetationsHip—Hanp Firinc aNnp Putvertzep Coat Firino or MALLeasiz 
Iron ANNEALING Furnaces. Furnace Capaciry—30 Tons or Castinas. 


fan was modified to give a greater static pressure to overcome the increased 
resistance in the extended circulating line, and a larger motor was installed. 

23. As staggering of the heating and cooling periods of the five kilns being 
fired by this circulating system is desirable from the standpoint of normal 
economical operation of the plant, the five kilns are seldom, if ever, at the 
maximum firing rate at the samme time, and, consequently, any normal com- 
bination of kiln heating cycles can be satisfactorily handled. 

24. In this specific application, the maximum temperature to be attained 
in the annealing pots is in the neighborhood of 1700° F., so that the maximum 
kiln temperature is in the neighborhood of 1800 to 1900° F. With these tem- 
perature conditions, it is possible to burn a large variety of coals available at 





| 





L. S. Witcoxson AND D. F. SAWTELLE 559 


minimum cost, these coals being such that the ash deposited in the kiln from 
the pulverized coal being burned is in dry condition and is removed readily 


between heats. 


Firing Costs 

25. This installation of direct-fired circulating system of pulverized-coal 
firing has proved to be very satisfactory, as is indicated by the cost com- 
parison shown in Table 3. 

96. As a result of the economical operation indicated in Table 3, a second 
circulating system to fire the remaining six annealing kilns is now being 
installed. This additional installation is shown in Fig. 4. 

27. One of the outstanding features of the direct-fired circulating system 
s the elimination of numerous small coal piles adjacent each kiln in the 
annealing room, and the maintenance of a single coal pile in some convenient, 
accessible location adjacent to the pulverizer supplying pulverized coal and 
air to the circulating system. Another important feature is the provision of 
greater flexibility and more dependable control than is obtainable with either 
hand firing or an individual direct-firing system, due to the ability to regulate 
burner performance directly from the constant-density coal and air mixture 
in the circulating line. 

28. Since pulverization is accomplished in a high temperature atmosphere 
and the coal is in continuous circulation over the entire operating range of 
the system, it is possible to handle high-moisture coal without impairing the 
quality of the performance. Preheated air may be supplied from a steam 
air heater, from a separately fired heater, or by inducing hot gases from the 
kiln flue through the pulverizer and tempering with cold air to the desired 
temperature. 


29. Consistent high fineness and uniform air-to-coal ratio through the 


Table 3 
COMPARATIVE FirING Costs FoR MALLEABLE ANNEALING KILNs* 


—_——Firing Method——_—_——_ - 
Pulverized-Coa 
Hand Pulverized-Coal Direct-Firing 


Fired Direct-Firing Circul. System 

Fuel cost per ton $7.50 $7.50 $7.50 
Coal consumption per 

ton of castings, lb. 740 480 490 
Fuel cost $2.77 $1.79 $1.83 
Labor cost 1.25 1.07 1.07 
Power cost ag 0.17 0.19 
Maintenance eter: 0.02 0.02 
Total firing cost* 4.02 3.05 3.11 


| . 
Cost per net ton of castings annealed. 
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system, together with proper design of the distributing system, make it un- 
necessary to provide special take-off valves in order to obtain proper distri- 
bution of coal to various burners. The system is so designed that the minimum 
velocity through the line at any point in the system is high enough to insure 
against coal settling in the line, thus maintaining a uniform density through- 
out the system. 
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DISCUSSION 


Presiding: A. M. Futon, Northern Malleable Iron Co., St. Paul, Minn. 
Co-Chairman: Frep L. Wotr, Ross Tacony Crucible Co., Tacony, Philadelphia, Pa. 


H. E. Lercxty’: When you were taking your different costs to compare pulverized 
fuel firing against hand firing, did you use approximately the same coal total in your 
annealing ovens at that 1750° F. temperature in hand firing that you did in pulverized 
fuel firing ? 

Mr. SAWTELLE: No, we were never able to get the temperature of the hand-fired 
kilns up to the temperatures that we used in firing pulverized coal. In hand firing, the 
temperatures were at least 100 or 150° F. lower. We were depending on natural draft 
and could not do it. 

Mr. Lerckty: What was the difference in the cost of the pots, which really enters 
into this? 

Mr. SAWTELLE: That comes out about even. The cycle is much shorter and the 
number of heats per pot greater with pulverized fuels. We get about 16 heats per pot, 
on the average, but the pots are in longer in the hand-fired kilns and they do not come 
up to so high a temperature. They are not in so long in the case of the pulverized-fuel- 
fired kilns but come up to the higher temperature, and it seems to even out. 


J. DorrFNER*: Do you make any attempt to control the moisture of the coal going 
to your pulverizer and does it affect the quality of your products? 


Mr. Witcoxson: No. With this type of pulverizer, you can use coal that has a 
considerable quantity of moisture in it. As an actual experience, we have pulverized coal 
with a moisture content of up to 17 or 18 per cent, perfectly satisfactory, by using hot 
air from an air heater for the pulverizer. 

W. D. McMixan*: The fuel cost of $7.50 per ton is after pulverizing? 


Mr. Witcoxson: No, that is just the cost of the raw coal. The power cost, labor 
and maintenance are the three items that go to make up the cost of pulverization. The 
maintenance, of course, is the replacement of the rings, the balls and the wearing parts 
of the pulverizer. 

E. M. Srricx*: At the operating temperature of 1750° F., does that mean the 
temperature inside the pots? 


Mr. SawTELLeE: That is right. Inside the top pot, we go as high as 1800° F., and we 
try to get the bottom pots up to 1700° F., so we call it an average of 1750° F. 


Mr. Strick: And you have not noticed any appreciable increase in pot cost at these 
temperatures from that of 1600° F. hand firing? 


Mr. SawTELLE: Some of our pots are in the hand-fired kilns two, three or four times 
as long as they are in the pulverized-coal-fired kilns and it seems to even up. 


R. F. Greene’: It so happens that we have used that type of pulverizer for about 
’ years, operating on two 30-ton malleable furnaces, with very good success. We find an 
extremely low maintenance, and, as far as temperatures are concerned, it is possible to 
turn out about 3000° F. most any time. Moisture does not seem to affect it. We use the 
steam preheaters to start and then take hot air off the stack later. The pulverization 
ems to be pretty good. But I would like to ask, is this mill powered sufficiently so 
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that in case of a power shutdown, where the mill stops, when the power comes back o, 
will the mill take up the load without cleaning it out? 

Mr. Witcoxson: Generally speaking, yes. I think that to some extent that depends 
upon what the operation was at the time the mill went down, but, under normal opera. 
tion, it generally will take care of such a situation as that. 

Mr. GREENE: We do not find that to be the case. We do not give our heats enough 
time for a possible power shutdown, which, incidentally, does not often happen. Hoy. 
ever, if we are down for 10 or 15 min. and we can not make up the time, then it js 
a question of overtime for about 60 men, and that is serious. 


Mr. Witcoxson: In your particular case, you have direct firing and not the circy. 
lating system. With the circulating system, you are on the line practically continuously 
and all of the regulation is done by the burners at the furnace rather than by manipu- 
lating the pulverizer. As far as a shutdown of this type of pulverizer is concerned. 
if the feeder controller had been feeding at a high rate just prior to the powe: 
shutdown, there might have been a considerable quantity of coal in the mill. That 
might make it more difficult to start up. 

Mr. GREENE: The feeder control has to supply, and keep at a constant level, 
certain quantity of coal in the mill, which we will assume is at that level during all th 
operation. Ours are set for short cycles, and we are able to keep the flame at a pretty 
constant level. That is about the only thing I would like to have cleared up on that 

C. C. Lawson": The statement was made that it took 2 or 2% times as long under 
the hand-firing system as it did under the pulverized-coal-firing system. I can not under- 
stand why, with a raise in temperature of only 100 to 150 degrees, it should take twice 
as long to anneal under hand-firing as it does under the higher temperature. It was 
said that pot life was saved by reason of the shorter annealing cycle. At the high tem- 
perature, at 1600 or 1650° F. with the old cycle, against 1700 or 1800° F. with the new 


/ 


cycle, it seems to me that doubling the time, or 2'/2 times the time, is too much. 

Mr. SAWTELLE: In the old annealing kilns there were seven in a line on one stack 
and the fire boxes in the corner had very little draft and we were entirely dependent on 
weather conditions as to whether an annealing kiln would come up in one week or 
two weeks. With pulverized-fuel kilns, we certainly have a great advantage in getting 
them up at the proper time. 

Mr. Lawson: We are talking about pot life. 

Mr. SAWTELLE: We have burned pots in the corners of a hand-fired kiln, when 
there was very poor circulation, before we could ever get the center of that kiln up to 
sufficient temperature. Taking tests on a great number of pots, over a long period of 
time, and alternating them top and bottom or whenever they might be located, we can 
not find any difference in pot life in the old hand-fireds or in the quicker pulverized- 
fuel-fired kilns. 

There may be another reason for that. With the extremely fine pulverization of coal, 
we carry a very smoky atmosphere, and that may have quite a lot to do with how much 
the pots scale under pulverized firing. 

Mr. Witcoxson: I would like to add a thought at this point. The last statement 
is a very pertinent one. With pulverized coal, one can regulate the atmosphere in the 
furnace very readily. 

Avusrey Grinpie': I can add a little light on this problem of the pot life and the 
length of time with pulverized coal and hand firing. With pulverized coal, we can fore: 
the oven up to temperature, get circulation in the oven and, therefore, get the bottoms 
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.p in much quicker time than we can when we are depending entirely on natural drait 
for circulation. 

M. E. McKinney": I might offer some light on the question of time for annealing o1 
time for soaking. When we get up to temperatures of 1600 and 1700° F., a drop of 100 
degrees will easily increase the time by half if not more. It is very drastic above 1600° F. 

Mr. Witcoxson: I think the curve showed, too, that the increase of temperature 
with the pulverized coal is on a very much steeper gradient than it is in the case of 
hand firing. 

Mr. Strick: What kind of packing do you use in the pots fired at 1750° F.? 

Mr. SAwTELLE: Sand blast gravel. We also try to screen out all of the pot scale. If 
the pot scale content goes too high in the sand blast gravel, the pots will stick together 
at those temperatures, but they shake out quite freely, 'getting over 1800° F. on the 
top pots. 

CHAIRMAN FuLtTon: What is the mesh of the sand blast gravel used? 

Mr. SAwTELLE: I do not know the mesh, but it is about as large as my little 
inger nail. 

D. Levinson’: Has anyone ever done anything in the way of metallizing of pots to 
increase the life? 

Co-CHAIRMAN Wo.F: Some years ago I had an experience with annealing pots which 
had been metallized with aluminum applied by means of the metal spray gun. The 
expense involved in using the metal spray was not justified by the slight increase in the 
life of the pot. 

Mr. Levinson: I believe there is a metal spray on the market that withstands 
temperatures up to 1800° F. The claim is made for it that it will increase the pot life 
by 400 per cent. 

Co-CHAIRMAN WoLF: We ran a pot one time with a spray of aluminum. We did get 
a short increase in pot life, but not very much. 

C. F. Josepn™”: We sprayed some aluminum on some pots at one time, but it did 
not seem to help. We tried to duplicate the calorizing effect. Then we had some pots 
made by adding aluminum to the steel, and that did not seem to give us any longer life. 
As far as the steel pots are concerned, they will last longer than the cast iron pots. 
! mean that the steel pots with the aluminum added to them did not seem to last longer 
than the regular steel pots. 

Co-CHairMAN WotrF: I had some pots calorized and I did get a slight increase in 
life, but not enough to justify the expense involved. I also tried out some high chrome- 
nickel steel pots and they were fine. The cost, however, was prohibitive 
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Training Foremen on the Job 


By Frank K. Dossett*, CLEVELAND, OHIO 


INTRODUCTION 

1. Volumes have been written on foremanship training, and speeches and 
magazine articles constantly are being produced on this increasingly important 
theme. It is obvious, therefore, that the limitations of such a paper as this 
permit only a general presentation of the subject. 

2. Comparatively few industries followed any comprehensive plan of fore. 
manship training before the United States entered the war, but the “Training 
Within Industry” program of the War Manpower Commission has given 
industrial concerns, great and small, the benefit of enlarged vision. The fact 
that no man can do better than he knows has been impressed upon industy 
with renewed emphasis. We have been brought to realize that adequate 
instruction must precede efficient performance. 

THE PURPOSE OF THE TRAINING 

3. The purpose of this type of training is to better equip the foreman to 
perform his important part in the progress of a nation that is becoming more 
and more industrialized, and in which the worker’s undeniable right to a 
“voice in his work place” is being constantly emphasized. The foreman’s job 
is essentially a job of management. By virtue of his position, he is, for all 
practical purposes, the manager of a small business enterprise. He is given 
money, machines, material, and men—and whether his group numbers 20 
or 200, the principles involved are fundamentally the same. The difference 
is simply one of degree, because the problems that he must solve are iden- 
tical with those which confront the divisional superintendent or the general 
manager. 

4. For many years, industry has sought to impress upon its foremen that 
their primary responsibility was “to get the work out,” while maintaining the 
proper relation between quality and quantity and with a minimum waste of 
material. This fact is still true but, in the past decade, American business 
has come to realize that there aré many other factors involved in manufac: 
turing, and that among these, the human equation is of primary importance 

5. It goes without saying that the foreman must get his work done through 
people. It is imperative, therefore, that he understand, now as never before, 
the basic laws of human psychology which underlie man’s emotional reactions. 


*Director of Supervisory Training, Thompson Products, Inc. ; 
Nore: This paper was presented at a Foreman Training Session of the 48th Annual Meeting, 
American Foundrymen’s Association, Buffalo, N. Y., April 25, 1944. 
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He must know how to relate himself to his workmen, not as a boss, but as a 
leader and counsellor, and he must understand the technique of keeping his 
workers properly related to one another. All this involves information and 
inspiration that cannot be secured apart from a well-devised “on the job” 
training program. 

6. We often have heard it said—‘To the worker, the foreman is the com- 
pany.” This is unquestionably true. Within his group, he is not only the 
actual manager, but is, in many instances, the only member of management 
with whom the worker has an intimate contact. His attitudes and his actions, 
therefore, are interpreted by the worker as reflecting the spirit and policy of 


the company. 


THE Scope OF THE TRAINING 


7. The question naturally arises—what is the legitimate scope of foreman- 
ship training, and to what degree should it be carried on? In the very nature 
of the case, the answer to this question must be determined by the peculiar 
circumstances with which the particular industry is confronted. It is impos- 
sible to present a comprehensive program that would be applicable to every 
business. Whatever standards are set up must permit of change and adapta- 
tion to meet local conditions. However, in broad outline, all the members of 
supervisory personnel must be trained as an integral part of management in 
understanding the fundamental principles upon which American industry is 
built, as well as their specific production problems. 


8. Primarily, of course, the foreman must possess a complete knowledge 
of the tools and equipment with which his group works. He must be an 
expert in performance—his hand as well as his head must be trained. Only 
through comprehensive job knowledge can he retain the respect and admira- 
tion of the men who work with him. Workmen like to look up to their “boss.” 
He must be the man who “knows, and knows that he knows.” 


Company Policies. 


9. In addition to a knowledge of the materials and equipment with which 


his men work, his understanding must include an intelligent grasp of the 
company policies which constitute the organizational structure, and of the 
government regulations under which he must operate. Not only that, but 
the foreman also must become cost conscious in respect to the relation between 
his particular unit and the operation of the company as a whole. He must 
realize that loss through unnecessary waste of material or labor in any depart- 
ment may lead to bankruptcy of the whole enterprise—that the inefficiency 
of any particular group, however small, might become the leak that ultimately 
would sink the ship. It is quite impossible, therefore, to overestimate the 
iuportance of the intellectual and practical training of the foreman on the job. 











or a ine 


EE 





pote 
Rae 


566 TRAINING FOREMEN ON THE Jos 

10. Any adequate program of training must enable the foreman to mee, 
the requirements of the new age in which we live. It is an emotional age jp 
which the emphasis is being placed more and more upon human values, The 
personalities and feelings of workers are of increasing importance. Life. fo; 
all of us, is largely a matter of emphasis, and industry has always involyed 
money, machines, material and men. 


11. There was a time when the emphasis was placed upon the monetary 
return resulting from the efficient use of machines and materials. It jis po 
secret that, in the “good old days,” human labor was regarded somewhat as a 
commodity to be bought and sold in the open market. But we have come to a 
new and better day and, interestingly enough, we have discovered that by 
placing the emphasis where it rightfully belongs—upon the human factor— 
not only is life made more enjoyable for everyone, but greater profits accrue 
to the organization. 

12. By way of recapitulation, let us stress the fact that any comprehensive 
program of training must provide the foreman with a clear understanding of 
the following basic factors: 

(1) The technical “know how” required for the particular job. 

(2) The scope of the responsibilities connected with the job. 

(3) The relative position of all members of supervision, as indicated 
on an organization chart. 

(4) The relation of manufacturing to all other essential phases of 
the enterprise. 

(5) The company policies and practices which are set by top 
management. 

(6) The governmental regulations under which industry must 
operate. 

(7) The complex human factors involved in the efficient handling 
of industrial manpower. 


MeEtTHOpDs OF TRAINING 


13. It is one thing to appreciate what must be done, but quite another 
thing to determine how to do it. Experience has shown that several methods 
have proved effective in the training of men. We can learn much from the 
way they have been trained in schools and colleges to take their places in the 
social, political, business, and professional life of the nation, and we can draw 
other practical lessons from their training for military service. No one exclu- 
sive method is superior to all others, but the best program of foremanship 
training is a combination of all the methods that have proved valuable in 
other lines of human progress. Four basic training techniques are worthy 
of consideration. 
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Conference Method. 


14. The conference method, where small groups of foremen gather for 
the informal consideration of particular problems that are of mutual and 
‘mmediate concern. The program must be flexible enough to permit the 
introduction of any particular subject while it is “hot.” Physical facilities 
should be provided on company property and should be of the very best. 
Poorly lighted and inadequately ventilated basement or “out-of-the-way” meet- 
ing rooms discount the importance of the effort and tend to diminish the 
interest of the group. 

15. As a general rule, discussion groups should be composed of men with 
relatively equal authority. Insofar as it is possible, divisional superintendents, 
general foremen, line foremen and supervisors should not be mixed in any 
one discussion group. By and large, supervisors will attend meetings and 
participate with enthusiasm only in the measure in which they feel that the 
things being discussed can be related to their own immediate needs. The 
more tangible and non-related the subject, the more difficult it is to maintain 
regular attendance—and forced attendance defeats its own purpose. 

16. Suitable conference leaders must be provided either by securing the 
services of professional teachers from outside sources or by developing mem- 
bers within the organization to meet this requirement. In the larger com- 
panies, where there is an educational director properly positioned as a member 
of the general staff, intensive courses in conference leadership are arranged 
under his guidance. This makes available members of the organization, who 
have natural leadership qualities, to direct the discussion groups. 


Lecture Conference Method. 


17. The lecture conference method, which consists of the presentation of 
subjects of general interest, followed by a discussion period in which individual 
members of the group are encouraged to participate. These conferences should 
be presided over by a capable leader and addressed by a qualified speaker. 
The programs should be arranged in series, with a logical sequence and a 
definite end aim in view, and might profitably include such subjects as eco- 
nomics, sociology, psychology and government. Questions of compnay policy, 
public coacern, or of special interest to the group, should be given ample 
consideration. 

18. In any well-rounded program, this basic training should be supple- 
mented by a series of meetings led by department heads, who review the 
functioning of their particular departments. These have a tremendous value 
in the development of inter-departmental cooperation. It is a truism that, 
oly in the measure in which all members of supervision understand the 
importance of the activities of their fellow executives, are they tolerant and 
cooperative. 


19. Meetings should be held on company time, and be considered as a 
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part of the regular responsibilities of the forman. If, for any reason, thi 
seems to be inadvisable, then he should be paid for time thus spent outside 
of his regular working hours. 


Mass Meeting 


20. The mass meeting, which should include all members of supervision 
in one great meeting, or series of meetings, held monthly or quarterly. Thes 
assemblies are less deliberative and more inspirational, and have a distinct 
value in creating an atmosphere, developing an organizational consciousnes, 
and deepening morale. There is a decided emotional value in such fraternal 
gatherings, and religious and political leaders, throughout the centuries, have 
found them indispensable. 

21. The mass meeting can be made a tremendous asset to industry in the 
development of understanding, loyalty and teamwork. These meetings should 
have a definite objective. They are not merely for entertainment, but are 
intended primarily for instruction and inspiration, and should be planned 
carefully so as to enable the foreman to get a better overall picture of the 
entire enterprise. 

22. Such meetings are invaluable when addressed by members of top 
management, or outside speakers who are capable of bringing a stimulating 
message on the fundamentals of our “American Way of Life,” what free 
enterprise means to the individual citizen, and other subjects related to the 
interests of the foreman. Their enjoyment can be greatly enhanced by 
holding the meetings amid pleasant surroundings with good music, and a 
hearty dinner provided by the company. 


Written Messages 

23. The judicious and regular use of the written word, devoted to foreman- 
ship problems. A steady flow of foremen’s bulletins, dealing with pertinent 
questions as they arise in the shop, have great value when effectively em- 
ployed. Letters containing information about company finances or anticipat- 
ing changes in fundamental procedures, together with an occasional person- 
alized communication from some member of top management, are equally 
valuable. Furthermore, a section in the plant publication reserved for super- 
visory education presents a possible medium for foremanship training which 
is overlooked all too often. 

24. This entire field of the written message should be more widely explored 
by management because it is one of the most valuable methods of influencing 
the thinking of foremen and supervisors. 

25. We need to remember that workers in the shop are essentially the 
same individuals after they ring their time cards as they were when they left 
their homes, and this is equally true of the foremen who supervise them. We 
must rid ourselves of the notion that there is a distinct shop psychology. We 
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hear a lot of talk about “shop language,” but, as a matter of fact, it is not 
essentially different from that spoken by the same men when they are outside 
the shop. It may include a greater proportion of “cuss” words and vulgarisms, 
but even that is changing rapidly as industry recruits its workers from more 
widely divergent segments of the population, and as popular education raises 
the general intellectual standards. 


Educational Level 


26. There has been a tremendous upward muvement in the educational 
level of all the American people since the turn of the century. At that time, 
there were about 600,000 young people in the high schools of America, while 
40 years later, there were more than 6,600,000. 

27. In the old days, lads entered our factories before they had finished 
srade school, but now they are practically all high school graduates, and a 
large number of them have had college training. The workers in our plants 
are regular readers of good books and magazines, as well as of others that 
are not so good, but, by and large, they represent a fair cross section of the 
American public as a whole. If foremen are to keep pace with this upward 
movement in the general educational level of the men whom they supervise, 
it is imperative that they be trained while on the job so that they may retain 
the respect and confidence of their workmen. 


DIFFICULTIES IN TRAINING 


28. The chief difficulty that stands in the way of supervisory training is 
found in the failure of top management to fully appreciate and adequately 
support the program. Unless the highest ranking executives of an organization 
are sold thoroughly on the importance of an educational program, it never 
can be entirely successful. Strange as it may seem, some members of upper 
management simply tolerate training programs. They regard them as tem- 
porary interruptions in the main business of the industry, and are looking 
forward to the time when they will be no longer bothered with the trouble 
and expense involved. 

29. Other members of management do not wholeheartedly accept the idea 
of training, but endure it because they think it is expedient, even though their 
hearts are not in it. Unless we can develop, through all grades of manage- 
ment, a genuine appreciation of the practical value of informative and inspira- 
tional programs of foremanship training, industry will be handicapped in its 
development and progress. 


Industrial Education 


30. The inability to interpret the value of education in terms of specific 
and immediate returns, financial or otherwise, is another one of the difficulties 
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that lie in the way of industrial training. Someone has said that “men ap 
simply boys grown tall,” and this is nowhere more evident than among son, 
of the higher executives in industry. Their attitude toward education 
much the same as that of many lads in our high schools, who see no reasoy 


1s 


why they should continue their educational preparation, but are eager to ge 
out and work so as to enable them to jingle more dollars in their pockets today 

31. Any program of education is a long-term effort. The returns are 
rarely immediate, but, like the farmer who invests his seed corn in the oi 
and waits for the harvest, so industry must plant and cultivate and patiently 
wait for the returns upon its investment in education and training. 

32. Something of this same impatience, on the part of the foremen then. 
selves, constitutes another hurdle that training is required to take. Some 
foremen expect immediate promotion when they have completed even a single 
training course. There is a persistant feeling, on the part of many member 
of supervision, that promotions are secured through “pull” rather than merit, 
Unfortunately, this has been all too true in the past, but as industry educates 
and trains its workers, the advancement of qualified employees to managerial 
positions becomes more and more the rule, and promotion through “pull” 
becomes less and less frequent. 

33. The idea that individual progress depends rather “upon whom you 
know, than what you know,” is gradually becoming uprooted, and workers 
are learning that, in the long run, progress depends upon individual merit. 
The overall picture of American industry proves this point beyond question 
for, as a matter of fact, most members of top management today have come 
up through the ranks “the hard way.” 

34. Another difficulty that stands in the way of foremanship training is 
found in the natural indifference and indolence of human nature — the 
the old-timer’s reluctance 





tendency to be satisfied with things as they are 
to give up the comfortable way of doing things and to accept a new and 
better way. “The good has always been the enemy of the best.” 

35. A further difficulty is really a combination of problems that have more 
or less common characteristics, such as the grouping of supervisory personnel 
of varying levels of authority, the combining of men with dissimilar motiva- 
tions, and the inclusion of too many members in the discussion conferences. 

36. The final major difficulty is likewise a combination of obstacles such 
as the natural tensions that characterize periods of war—the multiplicity of 
duties; the inevitable fatigue and frustration caused by long hours of work; 
the problems of transportation resulting from gasoline and tire rationing; 
the fear of immediate induction into the armed forces; and the feeling 0! 
futility regarding the future. 


CONCLUSION 


37. However, none of the difficulties that lie in the path of training are 
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‘nsurmountable. They simply constitute a challenge to the intelligence and 
nitiative of forward-looking and courageous industrial leaders. The results 
. training formen on the job cannot be overestimated, although they never 
can be fully tabulated. Nevertheless, the increased efficiency, which accom- 
panies a well-planned and faithfully-executed training program, definitely 
reflects itself in the balance sheet of the company. 

38. One of the great lessons industry has learned in the prosecution of the 
war, is that the training of foremen “on the job” is the most effective means 
of securing increased production. We have had it impressed upon us repeat- 
edly that workers must think straight about their country, their company, their 
iob, their fellow workers, and themselves, if they are to function effectively 
in competitive enterprise. 

39. It also goes without question that the general morale of the worker is 
much higher when he knows that his foreman is qualified for the job by 
adequate training. Furthermore, the companies that have regular training 
programs find available for their needs, well-trained executives to fill the 
higher ranks of management as the occasion may require. 

40. Progressive leaders of American industry never will be willing to 
return to the old hit-or-miss methods of supervisory training that characterized 
former years. Education and practical “on the job” training of foremen 
have come to industry to stay. In view of the trend of the times, it is logical 
to prophesy that, in the future, only those industries which put the emphasis 


upon human values will be able to survive in a complex and competitive 
society of free men. 

















Training Foremen to Handle Women 


By W. J. Hesarp*, East Cuicaco, INp. 


INTRODUCTION 

1. In attempting to discuss such a subject as this, it is necessary for ys 
to realize that each of us is at a different point with respect to the matter of 
employing women in foundries, Some of you undoubtedly have had a great 
deal more experience than the rest of us, and would be much better qualified 
to lead this discussion. Some of you, perhaps, are just getting under way, 
and some may just now be finding it necessary or desirable to start. These 
remarks, therefore, are to be considered only as an attempt to evoke a 
general discussion from which all of us may benefit. 

2. It seems necessary to determine at the outset what information or 
skill needs to be conveyed to the supervisors, and then to consider the timing. 
It is the same familiar story of what is to be taught, when it should be taught, 
where it should be taught. Obviously, the supervisor should get what he 
needs before he has occasion to need it. 

3. About a year ago, we received a call from the training director in a 
neighboring plant, the management of which had just made the decision that 
women were to be put into shop jobs. The foremen in the plant had become 
panicky at the announcement. No women ever before had worked in their 
shop, and the foremen did not know what they were going to do. Certainly, 
they didn’t know anything about “handling women”—how were they sup- 
posed to treat them? 

4. We had had some women in our plant, and the training director asked 
if he might bring some of his foremen over just to talk with the foremen in 
our plant who had been supervising the women. He felt that if he just 
could get his foremen to realize that other foremen actually had lived hae 
the harrowing experience of supervising women, they might be reassured. 

5. To make a long story short, they came, they saw, and they were 
reassured. They went back and spent some time getting acquainted with 
their new problem. 

6. Right now, that firm has many more women employees than we have, 
and their foremen are certainly getting along no worse than foremen in 
other plants. 

7. In this case, and we are sure that it is not unusual, the first teaching 
job was to convince those foremen that they were fundamentally qualified 
for the new task ahead of them. 


~ #Personnel Director, Continental Roll and Steel Foundry Co. 
Nore: This paper was presented at a Foreman Training Session of the 48th Annual Meeting, 
American Foundrymen’s Association, Buffalo, N. Y., April 25, 1 
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g. In other words, the first and perhaps the greatest problem in getting 
foremen to handle women employees for the first time, is to make them 
realize that they can do it—not some other foreman in some other kind of 
work, in some other plant, but your foremen, in their departments, in 


your plant. 


Training Conferences 


9. The foremen who are to handle women generally are brought together 
for conferences on such topics as: 

(1) The analysis of present jobs suitable for women. 

(2) The breaking down of present jobs, parts of which will be 
suitable for women. 

(3) The training program to be arranged for each occupation or 
group of related occupations. 

(4) Methods of getting women started in each department. 

(5) Comparisons with other plants in the area and in the industry. 

(6) Special problems in dealing with women, etc. 

10. These topics, it will be noted, are not matters which are to be left 
entirely to the foreman. Rather, the conferences will draw out the experience 
of the foreman to help in the breaking down of jobs, the planning of training 
programs and the like, while at the same time they will serve to quicken his 


interest, put him on his toes and convince him that top management is ready 
to back him up. 


li. It must be made clear that this is no “spur-of-the-moment” notion, 
but a carefully thought-through program of major importance. And here, it 
might be well to mention one of the drawbacks to a successful program of 
putting women into the shop. Too often, top management will tend to 
discourage the fullest utilization of women by disparaging remarks about 
the program. 


12. No one. is particularly happy about losing our regular manpower 
sources because of military service or because of better pay and easier work 
in some other plant, but that is just one of the sad facts which we must 
face during a war. We must use women, so we should try to get the best 
possible results out of them, and we can not do this if we spend our time 


thinking about how nice it will be when the war is over and we can get 
nd of them. 


Pamphlets 


13. The use of pamphlets on the special problems of handling women 


has proved quite successful. This is particularly true where the individual 
in charge of the training hesitates to pose as an “expert” himself and wants 
‘o get over some ideas by indirection. We would hesitate to say directly to a 
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foreman that he must never lose his head over a pretty girl who might }, 
assigned to his department, and yet the warning can be made to sink jp 
through the use of some of the general pamphlets which are available. Film; 
too, are available, although it is unfortunate that the foundry generally ; 


slighted when any type of training film is planned. 


Accidents 


14. Perhaps the most satisfactory thing about a training program involving 
women is the fact that foremen will be more than anxious to prevent accidents 
to women employees. The emphasis on correct job instruction, with stress 
on safe work habits, can not be too great in breaking-in women. If we can 
get our foremen to realize that women usually are better than men at retaining 
habits, we can drive home the value of good job instruction. 


Personnel Problems 


15. In one way or another, firms employing women have made arrange- 
ments for capable handling of special personnel problems by some kind of 
counselling service. In some plants, women personnel officers are appointed 
to handle women applicants for employment, arrange for placement, oversee 
adjustment to the shop, and to handle the many little problems that affect 
women employees. In other plants, women counsellors are appointed, some- 
thing like a dean of women in a college, who hear all of the personal diffi- 
culties of their charges and make adjustments wherever possible. 

16. Still other plants, including several foundries with which we are 
acquainted, have employed so-called matrons who take care of a group of 
women employees in a particular department or on a given shift. In most 
cases, regardless of the title given to such women, they have no line authority, 
but are intended to help the line supervisors by acting as intermediaries. 


Foremen and Counsellors 


17. Whatever the plan may be, it should be made clear to the foreman. 
The value of such counsellors will be in direct relation to the manner in 
which they can be brought into close contact and harmony with the foremen. 
And foremen must be made to realize the importance of making proper use 
of such assistants. 

18. During the early stages of women on the job, it has been found 
desirable to have conferences of the foremen involved to exchange experi- 
ences and to discuss mutual problems. These meetings need not be long 
and should be held about a week apart, at first, tapering off as the program 
settles down and is accepted as routine. Later, only occasional meetings 
need be held as follow-up, just to keep the foremen alert and “on the beam.” 
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19. One of the problems likely to be encountered at this stage of the 
program is over-confidence. If the foremen first approach the problem “in 
fear and trembling”—any they usually do—it is likewise true that after they 
discover that the job is not nearly so horrible as they had expected, they are 
inclined to think that they must be pretty good. We have heard foremen 
with 2 or 3 weeks of experience in handling women talk as though they were 
experts—knowing all the answers. If this sort of thing does happen, it is 
advisable for the training director to do a little work. While the best 
approach must be decided for each individual case, perhaps a little study 
of cost, production, turnover and absentee figures will help to point out to 
the foreman the need for further improvement, and hence the need for 


further study of the job. 


Wage Rates 


20. As the program gets under way, another problem is encountered that 
requires an intelligent and fair approach on the part of the foreman. While 
there usually is a definite company policy with regard to wage rates, the 
administration of that policy depends largely on him. Difficulties in this 
respect vary widely. The general principle, as announced by the Secretary 
of Labor, the War Labor Board and other interested parties, has been “equal 
pay for equal work.” This has been augmented by the corollary statement 
of “proportionate pay for proportionate work.” It is in the application of 
these basic principles that foremen are apt to need assistance. 

21. We recall one case in which a foreman, fully convinced of the superi- 
ority of men over women, had arrived at the conclusion that women on a 
certain job were not able to do as much as men on the same job, and had 
set up a differential—at least in his own mind—of almost 30 per cent between 
the rates to be paid the women and the rates to be paid men. After going 
through a breakdown of the job rather fully, he agreed that there was just 
one real difference—women could not lift the heavier pieces that sometimes 
came to the bench, and needed help in lifting. Going a bit further, he 
admitted that some men working on the same job, because of size or physical 
disabilities, needed the same help in lifting. 

22. In the other direction, but just as serious, is the case of the foreman 
who had set up some tests as minimum standards for certain job classifi- 
cations. These tests did not take into account quantity of work, need for 
special help in doing the job, attendance, attitude and all of the many factors 
which add up in the appraisal of an employee. But, when the women em- 
ployees passed these tests, this foreman moved them ahead to the higher 
brackets. He was certainly a,“good fellow” with the women, but the reaction 
came later from the men when they realized that they were expected to do 
much more actual work—at the same rate paid to the women. 

23. Somewhere between these two lies the right answer. It is no less 
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serious to rate women too low than to rate them too high. The effect , 


both the women and their men co-workers must be considered carefully 


CONCLUSION 


24. The foundry industry still offers a fertile field for the proper utiliza. 
tion of “womanpower.” With the immediate future pointing toward even 
greater drafting of men, with no appreciable curtailment of the critical labor 
shortage, and with foundry occupations still the relatively undesirable occupa- 
tions for newcomers, our aim must be to keep constantly alert to latest 
developments, to use all possible techniques in intelligently putting women t 
work and to “sell” always that something—call it romance if you will—which 
makes real foundrymen. We have in foundry management, from foreman 
to president, the brains to do the job well. It remains only for some one to 
direct those brains in the proper direction so that we may continue to b 
proud of the contribution which our industry is making in winning the war 











Women as Foremen 


By S. M. Bran*, BALTIMorE, Mb. 


INTRODUCTION 


1. Management, forced to consider the use of women as foremen due to 
manpower shortages, resulting from abnormal losses of personnel to other 
industries, high turnover and selective service, may safely consider the use 
of women as supervisors, based on the history and success of women in this 
capacity in many industries. Tradition and chivalry have proved to be a 
handicap in the use of women as supervisors in heavy industry, but a review 
of history should inspire top management in making use of those natural 
leadership characteristics possessed by the so-called weaker sex 

2. Helen of Troy, Joan of Arc, Catherine the Great of Rienis Mary, 
Queen of Scots, and Queen Victoria, to name only a few of the outstanding 
rulers of empires, stand as conclusive proof of the capacity of women to cope 
with the problems of leadership. There is plenty of room for individuality 
in practicing the art of being a boss, and the problem of using women as 
leaders in industry resolves itself into finding the right person. 


WoMEN LEADERS IN INDUSTRY 


3. From time to time we find the names of women in the personnel 
columns of trade journals, in all management capacities, from president on 
down, in nearly every type of manufacturing and commcrcial enterprise. 


4. The use of women as supervisors is not new and dates back to the 
earliest production manufacturing attempted in America. The textile industry 
is probably the forerunner of modern manufacturing in this country, and 
there are records of women as overseers in textile plants throughout New 
England as early as 1787. 


Coreroom Foreman 

5. Probably everyone present remembers, as a boy, working in some 
establishment where a woman was the boss. An illustration of this, with 
which we are personally acquainted, occurred in a large malleable iron 
foundry, where a woman was the general forelady of the coreroom for a 
period of about 25 years. The exact date of her employment is not known, 
but she was appointed forelady of the girl coremakers about 1908 and, 
about 1916 or 1917, she was given complete charge of the coreroom, handling 
both men and wemen. 


*Training Adviser, Rustless Iron and Steel Corp. 
OTE: his paper was presented at a Foreman Training Session of the 48th Annual Meeting, 
American Foundrymen’s Association, Buffalo, N. Y., April 25, 1944. 
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6. The responsibilities of this job entailed the entire operations of the 
coreroom, from the mixing of the sand with binders to delivering cores to 
the molders. Naturally, there were some places where she required counsel 
and help, and we recall that this plant was one of the first in the country to 
use core blowing equipment. She needed the assistance of the mechanical 
experts in working out the “bugs” during the early days when this machinen 
was installed. 

7. We remember her as a very forceful person, extremely anxious to keep 
her work on schedule and, above all else, she was a wonderful housekeeper 
Anyone, man or woman, would have found it a pleasure to work in this 
coreroom, for it was a masterpiece of orderliness in every respect. All in all. 
she measured up to what could be expected of a first-class man, because the 
core operations of this foundry, when running to capacity, was a full-sized 
job for anyone. In about 1940, this lady was pensioned, and it can be said 
without reservation that she had well earned this privilege. 


Women in Foundries 


8. The last World War found many women working in foundries, par- 
ticularly in the repetitive type production foundries, and there probably was 
no phase of foundry work that was not done with women. The present war 
has found larger numbers of women employed in all of the countries at war 
The technical and trade journals have brought us stories of the major con- 
tributions to the production efforts of Russia, England and the United States 
The record of the Training Within Industry Division of the War Manpower 
Commission shows that over 187,000 women have been trained as supervisors 

. 


SUPERVISORY REQUIREMENTS 


9. Supervisory requirements for any job may be condensed into the fol- 
lowing five responsibilities : 
(1) Job knowledge. 
(2) Knowledge of company policies, rules and the agreement exist- 
ing between the company and union. 
(3) The ability to instruct workers in manual jobs. 
(4) The ability to plan, schedule and develop better methods. 
(5) The ability to maintain good management-employee relations 
10. Training can provide women with job knowledge adequate to the 
responsibility of foremanship. While it is not traditional practice to recruit 
women for apprenticeship, it must be remembered that a good many of our 
male supervisors also have .not served apprenticeships, and are selected be- 
cause of characteristics other than the qualification of being the best mechanic 
in the shop. 


11. Imparting information on company policies, rules and safety practices, 








579 


S. M. BRAH 


and interpreting the terms of the union agreement can be done equally well 
for and by women as by men. This has been clearly demonstrated in such 
companies as use large numbers of women supervisors, not necessarily found- 
ries, as this qualification is a basic one, equally applicable to foremen on 
any job regardless of the type of industry. In times when organized labor 
is the source of many of the management problems, maintenance of good 


iob relations is of foremost importance. 


Instruction Ability 


12. The ability to instruct workers can be developed very easily through 
the use of “Job Instructor Training” (J.I.T.), and it has been our personal 
observation that very often a woman in the group has done the outstanding 
iob of training and has proved to be the best member of the class. The fact 
that many women have not had previous industrial experience has made it 
necessary for them to break down the jobs carefully, listing the principal 
steps and picking out the key points. This is a key to successful job instruction. 


Job Housekeeping 


> 


13. Their natural aptitude as good housekeepers tends to make them 
superior in having everything ready and the work place properly arranged. 
They are inclined to take more care in preparing the workers and putting 
them at ease on a new job. Patience is an attribute natural to women, and 
they present the operation to the learner carefully and patiently, taking up 
one point at a time. 

14. In trying out the performance on the job, they correct errors with a 
minimum of friction. Follow up comes natural to any woman who has run 
a household and made sure that Johnny has combed his hair and put on his 
tie, that Mary has taken her lunch to school and that Dad wears his galoshes. 
Let us ask ourselves: “Who has done the training job with the children, from 
the cradle until maturity?” Let us capitalize this experience to industry’s 
benefit. 


Planning and Scheduling 


15. The art of planning and scheduling work is another matter in which 
women have a natural aptitude, and what they lack in mechanical knowledge, 
in order to make job improvements and the simplifying of working procedures, 
is more than made up by insisting on an orderly procedure and meeting pro- 
duction schedules. 

16. No one would deny that some women can develop superior abilities 
in the field of job methods, and we all have paid our respect to the work of 
Lillian Gailbraith. The “Job Methods Training Program” of the “Training 


Within Industry” is admirably suited for developing, to an extensive degree, 
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this phase of the foreman’s job, and women have made some outstanding 
contributions in the improvement of job methods following this training 
program. ‘ 


Human Relations 

17. Again, the natural aptitude and long experience that women have 
had with maintaining smooth relations in running the home have aquipped 
them with the four basic steps in handling difficult situations and human 
relations problems. Getting the facts, weighing and deciding what to do, 
taking action and checking results are the fundamental procedures in dealing 
with employee relations. 

18. The “Job Relations Training Program” (J.R.T.) provides the neces- 
sary training for anyone to deal with the many problems of handling people 
on the job. Again, women have clearly demonstrated their ability to assimilate 
and put into practice the knowledge gained from this program to the same 
degree, and we might go so far as to say a greater degree, than many 


male supervisors. 


SUPERVISORY SELECTION 
19. Selection of individuals for supervisory responsibility is a major prob- 
lem. Too often, insufficient attention is given to this phase of securing proper 
supervision. The plan we would suggest is a very simple one. Ask yourself 
if you have any women in a department who, if properly trained, would make 
good supervisors. It is assumed that the requirements of the specific foreman’s 
job have been clearly defined. If this has been done, the candidate’s quali- 
fications can be weighed against the requirements. Getting information about 

and from the individual candidates is fundamental. 


Aptitude Testing 


20. Testing can be used if deemed desirable or necessary, and the usual 
battery of tests can be applied equally well to women as to men. Further, 
women with previous supervisory experience in other lines of work can be 
hired directly from the outside. Women supervisors from book binderies, 
clothing manufacturing plants and light mechanical assemblies have been 
employed as supervisors in heavy industry with a very marked degree of success. 


Training 


21. No management would expect to select a man from the ranks and 
vest in him the authority of a foreman without providing training in the 
techniques which are peculiar to management’s responsibility. The same 
procedure should be followed when and if women are used as supervisors. 


The training should be exactly the same, only more so. By way of explana- 
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tion of the “more so,” we would like to remind management of foundries that 
too often training for supervisory responsibility is left to training by absorption 
rather than by intention. While the school of hard knocks and experience is 
a good teacher, it is equally true that many simple and fundamental truths 
are learned at a very high cost in lost production, sit-downs, strikes and 
frequent grievance meetings. 

992. If we remember that a foreman does not run a coreroom, cleaning or 
molding department, but that his main responsibility is to handle people who 
in turn get out the production, keep down the costs and stay on the job, we 
can find no good reason for not using women as supervisors in a foundry as 
well as machine shops, assembly plants, optical goods manufacturers, textile 
garment manufacturers and the many other fields in which women have 
acted as foreladies for many decades. 


SUMMARY 


23. In summarizing the entire problem of using women as supervisors in 
foundries, we must be ready to admit that it is more logical to employ them 
as supervisors than as production workers. We must further recognize the 
contribution they have made as supervisors in many other fields of endeavor, 
and ask ourselves why the foundry industry can not meet the challenge in 
this single activity as it has met the progressive tactics of other industries in 
every other phase of the management problem. 

24. For the sake of remaining practical, I would like to say that, in my 
opinion, the use of women as supervisors in foundries and other heavy indus- 
tries is expedient only as a war time measure, for it is recognized that the 
turnover in normal times would make the practice of using women as super- 


visors an uneconomical procedure. 




















A Postwar Foreman 


By T. H. BoorH*, WASHINGTON Park, ILL. 


INTRODUCTION 


1. To look into the immediate future and extend presently known trends 
and principles concerning foremanship seems very timely. When the American 
Foundrymen’s Association requested a paper prepared on the subject of th 
“Postwar Foreman,” we inquired how much our company and our foremen 
had thought and planned for future conditions. Such planning is important 
not only in the view or prediction of what may happen, but because cor. 
porately and individually we can help to make events through proper prepara- 
tion, courage and energy. 

2. Postwar conditions are a challenge, particularly a challenge to industry. 
The public esteem of American industrial leadership has risen and fallen and 
risen again. The great “Captains of Industry” era of 50 years ago was fol- 
lowed by a long period of regulation resulting from a public demand for 
protection of the rights of the small man. 

3. The climax of this period probably came in the depression 10 years 
ago, when the reputation of “business” as such and anyone connected with 
it reached bottom. So far in this war, industry has made a remarkable record 
and grown considerably in public esteem. This change benefits both the 
companies for which we work and us equally through our satisfaction in 


our work. 
CHANGES IN FOREMANSHIP 


4. Thinking of these general industry changes leads us to inquire what 
changes have taken place in foremanship, and we think you will agree that 
we should take stock of the situation. It is safe to say, broadly speaking, that 
at the turn of the century a foreman usually was pretty much of a king. 
He performed all functions; hiring, firing, setting wages, specifying equipment 
and often building it, determining methods, altering designs to suit his shop 
and, in fact, doing everything that the big boss and the bookkeeper did not do. 
Probably some of you remember that this is no exaggeration. 

5. Plant foremanship was a highly respected position in the eyes of the 
community. However, at the same time industry became regulated it was 
becoming more and more complex and functionalized, making the foreman 
more highly specialized and less conspicuous. 

6. The attractions of clerical or white-collar jobs drew more and more 
persuasively, while the need for education and technical training for fore- 


*Works Mgr., Walworth Co. 
Note: This paper was presented at a Foreman Training _— of the 48th 
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manship inc reased, thus limiting the numbers of first-class foremen while 
the demand grew larger, until it became apparent to some industrial leaders 
that a whole new program was needed. 


Training Development 

Then special training for manufacturing executive work spread rapidly, 
and more of the capable young men were induced to stay in the factory rather 
than migrate to selling and office jobs. I do not need to tell you of this 
change of custom, which you have seen, but it is important to take a bird’s-eye 
view of the course which we have been following in order to be sure of 
our direction in stepping off into the future. 


Need of Trained Foremen 


8. Now for the years after the war. If we can read any sign in the events 
of recent years, it surely must point to a need for much more highly trained 
and more responsible foremen. The enormous developments of the past 3 
years in technical improvements in processes, materials and methods are bound 
to upset many a competitive balance. 

9. Some plants will go ahead and some will lag behind. The amount 
of money invested in new plants will upset many an established situation, 
which will call for a new lowering of costs to meet competition of others in 
the same line of work, and competition of others with substitute materials 
invading a prewar market field. The competition of a new foundry with 
the latest sandhandling, melting, molding and cleaning equipment can be 
met, but only met by clear-headed, highly efficient operation of an old foundry. 

10. For instance, if a certain casting is made by centrifugal casting at a 
new low cost, you may not have to go to centrifugal casting—there are many 
ways to skin a cat—but you certainly will have to re-examine your whole 
process to eliminate cost or give up the market which was yours before the war. 

11. The much talked of plastics may not seriously invade the metal cast- 
ings field, but they certainly will force we foundrymen to do some tall hustling 
to retain markets. All of this means an insistent demand on the foreman for 
broader technical knowledge and application of it in his everyday operations 
to produce better quality and lower cost. 

12. New tools are in our hands for control of melting and control of sand 
condition. We may have all the laboratories and technicians we want, but 
they are only assistants to the foreman, who must understand them and know 
how to use them to get results. The postwar foreman must be an engineer. 


PERSONNEL ADMINISTRATION 


13. However great the technical demands look, the requirement in ‘per- 
sonnel administration looks even more important. While the foundry became 
more complicated and technical, we have had a revolution in the relations 
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of management and labor. There has been a tendency to concentrate the 
handling of these relations in personnel officers, but the foreman must be 
the first and continuous contact. The boss is the workman’s daily contact 
with management. .He looks to him for leadership, and a specialist from 
the front office is not a good substitute for a man who can say yes and no 
right on the job. 

14. We have no doubt that collective bargaining is going to increase. 
rather than decrease. The same thing holds true of that deal called collective 
bargaining as of any other bargain; it is a permanent bargain only if it is 
advantageous to both sides. Life has been pretty trying for many foremen 
under existing conditions because, at best, each decision concerning his men 
had to be correct beyond question if peace and morale were to be maintained. 


Foremen as Company Representatives 


15. The foreman represents his company as can no personnel officer. 
He must present a true picture every hour of the day, and deal out under- 
standing justice with tact far beyond that which would suffice in years past. 
It is only fair that this should be so, and it is good business. 

16. Of course, technical changes make training problems, although we 
believe anyone who has survived the current training problems will easi) 
maintain his place during the next few years. 

17. A new attention has been focused on absenteeism, labor turnover and 
safety measures, and it seems that the results of this attention have been so 
worthwhile and sound that continuing efforts should be made by the foreman 
to so know and handle his men that these losses will be kept low. 


Wages 


18. The very core of personnel problems revolve about wages, and wages 
can be best interpreted to the wage earner by his foreman. It is not enough 
simply to know what the scales and rates are. There should be a thorough 
understanding of how they are set and why they are sound and fair. 

19. If, as seems probable, there is a postwar “Labor Board” of some sort, 
we will have to know more about job evaluation, man-rating, time or job 
standards and scientific methods development. It seems likely that all of 
these techniques will be used more and more in the setting of and adminis- 
tration of wage scales. The ability’ to clearly explain and sell his men on 
his wage scale should help the foreman. 


Grievances 


20. The handling of grievances is not a separate function. Fair, just 
and prompt handling of workers’ complaints or problems is part and parcel 
of the everyday work, and will be just as important even though there is a 
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buyer’s labor market instead of the present seller’s market, because what each 
one of us desires is a thoroughly sold and cooperative workman. 

91. An employee who respects and likes the management for which he 
works is the best advertisement for continuing the American system of free 
enterprise, sO the postwar foreman must be first-class in his personnel admin- 
istration. 

SUPERVISORY TREND 

22. Now, to the advantage of the foreman, we do believe that the present 
trend will continue to place the foreman in a more satisfactory personal posi- 
tion. Perhaps too many functions were taken out of the hands of the fore- 
man, and as individual men show that they can handle, or at least oversee 
broader responsibilities, they are being entrusted with them. Certainly, during 
this war the position of foreman seems to have grown in the eyes of the 
whole community as well as management. 


Shop Conditions 

23. As shop conditions become more and more agreeable and comfortable 
and hours become shorter, even though technical and personnel problems 
increase, we will see more men stay in the shop and more thoroughly trained 
men go into the shop than ever before. The economic position of the shop 
versus the office and the sales field has changed in the past few years. Perhaps, 
leaving behind us the era of minimum production, we are headed for an era 
of maximum production. 

24. So, if we are to produce it would be sensible for the forward-looking 
foreman to know as much about the general aspects of management as 
possible. To name a few; how much the product costs, what the variable 
costs are and how they may be controlled, where the money that finances the 
company comes from and where it goes, to whom the product is sold and 
how it is used, why it is a good product and how it may be made more 
useful. An informed understanding of the problems of the enterprise make 
for a more effective execution of the department, no matter how large or 
how small. 


CoNcLUSION 

25. We recall that in speculating on the needs of the future we have 
brought up a picture of a perfect paragon of a man. That is what industry 
needs. It is worth while trying for, corporately through a well-organized 
program, and individually through grasping every opportunity for advance- 
ment of knowledge and daily concentration on improvement in results. After 
the war we must deliver the goods, more goods delivered to more people 
earning more wages than ever before. 

26. If the American way of competitive free enterprise is to go on, industry 
must do it to the satisfaction of the public. It requires preparation, courage 
and energy. No one will play a more vital part than the foreman. 














Training Foremen Through the Conference Method 


By Steven G. Garry*, Peoria, Iv. 


INTRODUCTION 


1. Webster defines “conference” as, “the act of consulting together for. 
mally; an appointed meeting for discussing some topic or business.” As in all 
definitions, this can be broadened out considerably, but the essence is there 
May we say further, that the conference is a means of promoting and develop- 
ing practical men to think for themselves. 

2. The purpose of the foreman conference is not designed to provide the 
educational principles of demonstrations, lectures, classes, or bulletins in giv- 
ing information to supervisors. Rather, it is a designed purpose to fulfill a 
need which none of these meet—the active employment of the thinking proces: 


Wuat Is THE CONFERENCE METHOD? 


3. In a figurative conference, a group of supervisors (15 to 20) sit infor- 
mally together to interchange their individual experiences, points of view, and 
to gather together their various opinions, with the object in mind of arriving 
at some definite conclusions. You will notice that the word, informally, is 
used which is contrary to Webster’s use of the word “formal.” It has been 
found, naturally, that the use of informality gets the best results. 

4. Each conference has its leader, whose purpose is to open the discussion 
by stating a problem, or problems, clearly and seeing that each participant 
has an opportunity to express himself, keeping all discussions to the point and 
summarizing the conclusions involved. 


TimE oF Ho.tpinc CONFERENCES AND How To Group PARTICIPANTS 


5. In industry, if there is the least need of management compulsion, the 
conference should be held on company time. If the conference is offered as 
a strictly optional opportunity, then the evening conference, on the men’s 
own time, is apt to be the best, for we all appreciate what we make an effort 
to attain, rather than what is placed too easily within our reach. 

6. If conference training is properly sold, compulsory attendance need not 
be necessary. Curiosity first will attract the foremen, and later, because they 
find the time has been well spent, they will be eager for the next problem 
to be discussed. There will always be some foremen who are certain that 
their experience as supervisors has taught them more than they can leam 


*Supt. of Coreroom, Caterpillar Tractor Co. 
Note: This paper was presented at a Foreman Training Senien of the 48th Annual Meeting, 
American Foundrymen’s Association, Buffalo, N. Y., April 25, 
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from younger minds. They think that foremanship cannot be improved. Then, 
it is often necessary to urge their attendance, if for no other reason than for 
the benefit of the rest of the group. 


Scheduling Conference Hours 


7. The scheduling of conference hours is best determined by the men 
themselves. A simple method is to obtain from them, individually, the hours 
during the day when they feel they could not possibly be absent from their 
working department or force. It is also advisable to ask them to state any 
days of the week, or dates which they would prefer to avoid. From such 
information, a satisfactory schedule can be easily made. If conferences are 
to be held once each month, each group should be scheduled for a certain 
hour, place, day and week of the month, and that schedule followed through- 
out the program, rather than make the meetings subject to call. Advance 
notices may serve as reminders. 


Conference Grouping 


8. Now the question arises. Who shall attend these conferences:and how 
shall the foremen be grouped? 
9. There are several factors governing the answer, and these are: 


(1) The extent and scope of the program. 

(2) The number of persons available as conference leaders. 

(3) The general nature of the organization. Management may 
pick certain representative foremen, or supervisors in each 
department or division, and recommend them as members of 
a group. This selection is justifiable if there is a scarcity of 
conference leaders. A careful selection of open-minded, train- 
able men will do much toward instilling in others a desire to 
attend similar conferences. 


10. The most economical program is to include all foremen, from the top 
supervisor to the sub-foreman. Thus, no favoritism or jealousy will be encour- 
aged and good feelings will be spread throughout. This all-over program 
puts new dignity upon the job of foreman, and at the same time makes for 
greater democracy between the various levels of supervisors. 

ll. It has been found that a mixed group produces livelier discussions, 
with more angles of approach, than a group associated closely together in 
their work whose thinking has been steered along similar paths for years. 
Then, too, more experienced foremen can share and contribute their mature 
knowledge to less experienced supervisors. In this way comes the develop- 
ment of a philosophy for handling men and problems which would come out 
of the individual experience of each foreman, and yet be a vast improvement 
upon the ideas and practices of most. 
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12. There is one point on which we all can agree about the training oj 
foremen through the conference method. The requirements and conditions 
will vary in almost every plant. We must consider that some plants have 
grown and expanded many times without having available men well qualified 
for supervisory positions. Thus, it is easy to see why conference training myst 
differ between one plant and another. In fact, training conferences may even 
differ within one company if the organization should operate several branches 


Elective Conference Method 


13. It is because of these circumstances that we have found that the best 
results can be obtained through the “tailor-made” or elective conference 
method, one which is shaped to fit the needs of any group of supervisors and 
organizations. 

14. Several years ago, we began our foremen conference program by 
using “purchased finished” material. Upon completion of this training pro- 
gram, we prepared our own material, designed to solve the general problems 
existing in our organization. 


15. All of the conferences were handled by plant leaders and supervisors 
in typical conference style, with the objective of stimulating thought among 
each group and developing supervisory ability. A wide range of subject 
matter was selected, including waste prevention, good housekeeping, safety, 
cooperation, instruction, good workmanship, reclamation, employee records 
and other general topics. 

16. After continuing this program for some time, the War Manpower 
Commission made available the “Job Instruction Training” course. Every 
supervisor received this course. This training was very well received with 
enthusiastic comments. From this program sprang the plans for the present 
courses offered to all supervision. Short courses on several subjects were 
included in the training program. The selection of a course was left entirel) 
up to the foreman himself. He was allowed to select the course that supplied 
what he wanted or needed. Thus the name “cafeteria style” came about. 


17. The plan is entirely voluntary, and it has been found that the foreman 
usually will determine his needs rather precisely. In this way, dull meetings 
are overcome and a definite interest is maintained. Two types of subject 
matter are used; one dealing with processing methods and the other with the 
personnel side of supervision. 


18. The foreman was approached with a folder which emphasized “no 
textbooks—no examination—elective.” He was invited to choose the subject, 
or subjects which would interest him, help him in his work, or make his 
duties easier. If nothing appealed to him, it was suggested that he make 
no choice, because it was more important for him to be at his regular job 
than to attend conferences that were not interesting to him. Meetings were 
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to be held semi-monthly, and only one course could be taken at a time. It 
was further stated that whenever ten supervisors on the same shift chose a 
subject, a meeting would be scheduled immediately. 

19. On the enrollment card, the applicant was allowed four choices, and 
also was asked to suggest subjects not included in the course. The subjects 
offered at present are: Accident Control, Accounting, Time Study, Metal 
Processing, Heat Treatment, Products at Work, Supervisor Routine, Quality 
Control, Job Instructor Training, Job Methods Training, Job Relations Train- 
ing, Effective Speech, Legislation, Economics of Industry and Elements in 
Supervision. 

20. The following description for one of the conferences is typical of those 
given in the folder: 


“Job Relations Training provides helpful ideas for getting along 
with people. Important points and considerations are developed 
by the case system of study. These cases are standard circum- 
stances from which the best solution is developed. Stresses 
important characteristics and traits. Recommended for new 
supervision. (Five semi-monthly meetings.)” 

21. The response to the offering was excellent. In fact, it was more 
favorable than expected. Seven out of ten foremen registered for an average 
of 3.6 subjects. 


22. Plant leaders for nine of the courses were provided from the personnel 
of the training department. Others were provided from the plant, or general 
office. The method of the conference naturally varied with the subject, but 
the straight conference method is used wherever possible, but in some courses 
the combination lecture and discussion method is followed. 


23. All conferences are held on company time and require careful sched- 
uling so that only a reasonable number of supervisors from any one part of 
the shop are absent from their duties at one time. 


24. It has been gratifying to note that the program is developing self- 
confidence among foremen. They are finding that the subjects selected are 
helpful in one or more of the following ways: 


) To intensify their technical understanding of the job. 

) To provide material for developing better job relations. 
) To provide morale-building information. 

) To get a slant on the other fellow’s problems. 


(1 
(2 
(3 
(4 


Tue Group NuMBER 


25. The group itself should contain not less than six and not more than 
20 persons. Less than six persons has a noticeable awkwardness about, it, 
and, too, the quality of knowledge, ideas and experiences will be diametrically 
adjusted to the number of persons conferring. On the other hand, if the 
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group exceeds 20 persons, there is great difficulty in securing a contribution 
from everyone. It is extremely important that all participants must talk. o 
have an opportunity to do so. 


THe SuBjEcT MATTER 


26. Since the conference is a means of gathering unrelated bits of knowl. 
edge picked from the minds of several different people, there can be no 
conference on a matter of fact, or on a question which can be answered “ves” 
or “no.” There must be an organized discussion, argument, debate, or expla- 
nation. To uncover dormant thoughts and bring out opposing points of view. 
the conference must use the motivating principles, or challenge of argument. 
Thus, the subject must present a problem, a felt difficulty, or a controversial 
subject. 


MANAGEMENT COOPERATION 


27. No foreman conference can succeed without the whole-hearted support 
and cooperation of the management. Management must be eager to receive 
the opinions of his foremen as formulated, and to put into practice whatever 
changes or suggestions seem wise. Nothing could defeat a conference program 
more than a disinterested management group. 

28. One means of holding management interest in the conference is to 
form a conference group of the executive force to meet and discuss the same 
subjects which are presented to the foreman group as a whole. Thus, man- 
agement becomes familiar with the questions and problems which are being 
discussed, and can compare the foreman’s reactions with their own. Company 
policies can be more readily defined and formulated and make for consistency 
in their application. 

29. If the supervisory force is aware that management is discussing the 
same subjects, they will be more free with their opinions and in their expres- 
sions. Without management’s participation, we run the risk of developing 
other policies among the rank and fiie of foremen than management, busy 
| with finance, organization and other matters, will be able to appreciate. 
30. On the other hand, the program sponsored and endorsed by the 

management can not be shoved down the throats of the foremen. The initial 
introduction of the idea should be so presented that the foremen will feel 
that here at last is an opportunity to exchange ideas and to express some of 
the difficulties which have been confronting them. 
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BENEFITS AND RESULTS OF CONFERENCE TRAINING 
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31. We have stressed the. importance of discussion and exchange of ideas 
during the foremen conference, and the guiding by the leader of the discussion 
toward a broader and more human philosophy of handling men. If the con- 
ference does nothing more than open new methods of approach and question 
old habits, it has already accomplished something. But that is not enough. In 
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order that the time and effort spent on the conference program may be worth 
while, it is necessary to be sure that the conference members are going to 
‘do something” about whatever situation they have been discussing. 

39. The introduction of the conference method in industry has a distinctly 
democratizing effect. The conference has assisted in “The Partnership of 
Interest” which has been the goal of all those concerned with industrial rela- 
tions, now that the employees themselves, by means of conferences, lay down 


many rules governing their own conduct. 


Purposes of Conference Training Method 


33. There are five separate purposes for which the conference method may 
be used in industry. 


(1) To develop job-hunting methods. 

2) To work out accident prevention methods. 

(3) To solve problems in supervision of men and work. 
(4) To develop a practical philosophy of handling men. 


(5) To develop customer-contact technique. 


34. The modern foreman has a need for all the assistance he can obtain. 
Under today’s conditions, the duties of the foreman are many, and he is 
expected to have vision and a knowledge of industrial technology of a far 
greater extent than ever before. 


35. The value of the conference is the simple, practical treatment of each 
f the problems of foremanship. It should also serve as a school or training 
center for all attending. 


36. Now, let us see what the problems are for fundamental efficiency of 
good foremanship, and how this training can come through the conference 
method. 

First, for efficient management, the foreman must investigate, find 
out his probiems, compare them with others, and discuss solutions. 
What better means can be found than by grouping other depart- 
ment foremen together for their viewpoints, questions for solution 
and comparisons? 


Second, to attain uniform interpretation of company policies. 
Third, to make plans. 
Fourth, to achieve standards. 


37. As has been stated before, the responsibilities of a foreman in industry 
today have multiplied. Much of this is due to general industrial advancements 
and improvements. 


| 38. Both the foreman and management realize the need, first, of quickly 
issuing to foremen information about matters affecting the performance of their 
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duties, and, second, that the information must be in a clear, concise form which 
will permit a ready understanding of the facts involved with as little chance 


as possible of variations in interpretations. 


CONCLUSION 


39. It is said that in certain Oriental countries physicians are paid so long 


as they keep a patient physically fit—and their pay stops when the patient 
becomes ill. Conferences, like the Oriental medical men, are not primarily 
intended as a means of correcting some supervisory ailment we may have con- 
tracted, but rather, should function to help keep us as foremen “on top of our 


iobs” at all times. 





